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PREFACE. 



In this little handbook an attempt has been made to give 
concise directions for preparing the most important sub- 
stances that enter into the composition of the fluids and 
tissues of the animal body. The methods herein presented 
are compiled from the most recent and important works on 
physiological chemistry; and in certain instances two or three 
procedures are given for obtaining the same result. 

The two hundred or more tests are arranged in alphabetical 
order ; and the name of the scientist who suggested the test, 
or the name under which it is ordinarily known, is given in 
each case. My most earnest desire in compiling this hand- 
book has been both to facilitate general work in bio-chemical 
laboratories and to afEord the student an opportunity to have 
conveniently at hand all the necessary facts in modern 
scientific testing, so that loss of time in consulting works of 
reference might be reduced to a minimum. 

JoHK A. Mandel. 

College of the City op New Yoek, 
January, 1896. 
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Glycogen, 0„H,„0,. 

Preparatio7i. — 1. Kill a large well-fed rabbit by cutting its 
throat, open the abdomen immediately and remove the liver. 
• After weighing, cut it up in rather large pieces and quickly 
throw them in boiling water (about 400 c.c. to 100 grms. liver), 
and let boil for half an hour. Then remove the pieces and 
grind them up finely in a mortar, return to the boiling water 
and add caustic potash solution (3-4 grms. KOH to 100 grms. 
liver). Now warm on the water- bath, and allow it to concen- 
trate until you have 200 c.c. of liquid for every 100 grms. liver. 
If a scum forms on the surface, place the liquid in a beaker, 
covering it with a watch-glass, and heat it until all has dis- 
solved, then put aside to cool. Neutralize with HCl and pre- 
cipitate the albuminous bodies by the alternate addition of HOI 
and a solution of potassio-mercuric iodide * {BriicJce reagent) 
in small portions. The addition of potassio-mercuric iodide 
must be continued until no further precipitate occurs. If 
the liquid at last remains milky, nearly neutralize with 
caustic soda, and then treat with HOI again. Filter ofE the 
precijpitate of albuminous bodies through thick filter-paper, 
and wash by removing the precipitate from the filter by means 
of a spatula and place it with water containing HOI and 

* This solution is prepared by saturating a boiling, not too concen- 
trated (10s<) solution of potassium iodide with pure mercuric iodide and 
Altering after cooling. 
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potassio-mercuric iodide and then return to filter. This 
treatment must be repeated at least four times. The 
several filtrates are nnited and, while stirring, treated with 2 
vols. 96^ alcohol, which precipitates the glycogen, and allow 
it to stand in a cool place overnight. Filter ofE the precipitate 
and wash first with 62% and then with 98^ alcohol. This 
glycogen generally contains but a trace of albumins, but if re- 
quired more pure, dissolve it while still moist in a little warm 
water, add some HCl and potassio-mercuric iodide after al- 
lowing to cool, and proceed as above. Lastly, wash the glyco- 
gen, which has been previously treated with absolute alcohol, 
a couple times with ether, and allow it to dry in the air or 
over sulphuric acid. {R. Eulz.) 

2. Briicke's method consists in precipitating the albumin- 
ous bodies from the watery extracts by HCl and potassio- 
mercuric iodide without previously extracting with caustic 
potash, and then proceeding as above directed. 

Properties.- — Glycogen is a white amorphous powder, easily 
soluble in hot water, yielding an opalescent solution, which 
when allowed to evaporate on the water-bath forms a pellicle 
over the surface which disappears again on cooling. The 
solution is dextro-rotatory, (a) Z* = -)- 211° {Kuh). On boil- 
ing with dilute mineral acids, or by the action of diastatic 
enzymes (ptyalin, diastase), it is readily converted into malt- 
ose, isomaltose, and dextrose. Its solution does not reduce 
Fehling's solution on boiling, but holds copper oxyhydrate in 
solution in alkaline liquids. With a solution of iodine glyco- 
gen solutions are colored wine-red which disappears on heat- 
ing. Glyoogendoes not ferment with yeast. 

Lactose, C,jH,,0„+H,0. 

(MiLK-SuGAR.) 

Preparation. — The sweet whey obtained after the precipi- 
tation of casein from milk (see page 13) is heated to boiling, 
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filtered, evaporated to dryness with magnesium carbonate, and 
the residue extracted with alcohol. Exhaust the part insol- 
uble therein with hot water, filter, and evaporate the filtrate 
to a syrupy consistency, and allow to stand in a cool place un- 
til the lactose crystallizes out. If the syrup is at all colored, 
the solution must be decolorized by passing the solution 
through animal charcoal. 

Properties. — Lactose crystallizes in rhombic prisms which 
contain a molecule of water of crystallization. It is soluble 
in 6 parts cold and 2.5 parts hot water. It has only a faint 
sweet taste. It is insoluble in ether or absolute alcohol. 
Aqueous solutions are dextro-rotatory, (a)!) = + 53.5°. 
Milk-sugar combines with bases ; the alkali combinations are 
insoluble in alcohol. Solutions of lactose reduce Pehling's 
solution, but less powerfully than dextrose. On warming 
with phenyl-hydrazine acetate it gives on cooling a yellow 
precipitate of phenyl-lactosazon, C^^Hj^NjO,. By boihng 
with water, or more readily on boiling with acids, or by 
means of inverting ferments, as in the alimentary canal, it 
takes up water and is converted into a glucose called galac- 
tose. It undergoes alcoholic fermentation by the action of 
certain schizomycetes, producing lactic acid at the same time. 

Maltose, C,,H,,0„+ H,0. 

Preparation. — 500 grms. potato-starch are thoroughly 
mixed with 2.5 litres cold water and converted to a paste by 
heating on the water-bath. Allow this paste to cool to 
60-65° C, and add a watery extract of 30-35 grms. of air-dried 
malt made at 40° 0. Keep at 60° 0. for an hour, then boil, 
filter, and evaporate to syrup in a flat porcelain dish. This 
is extracted several times with boiling 90^ alcohol. If no 
crystals of pure maltose are at your disposal, boil a portion of 
the syrup with absolute alcohol, filter, evaporate to thin syrup, 
and allow it to stand in thiu layers until it crystallizes, which 
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generally takes place in a few days. In the meantime distil 
most of the alcohol off from the main portion, evaporate the 
residue to a thick syrup, and on cooling stir into this a few 
crystals of the pure crystallized maltose. After three to five 
days the syrup will have crys'tallized to a stiff mass of crystals. 
These are rubbed to a thin paste with methyl alcohol, 
drained on paper, and washed once with methyl alcohol, 
pressed, washed again with methyl alcohol, and purified by 
further crystallization. For this purpose dissolve 500 grms. 
of the dried, pressed maltose in 15 c.c. water on the water- 
bath, add 130 c.c. 90^ alcohol, boil, filter, and allow to cool. 
No syrup should separate out. Add a few crystals of pure 
maltose, and shake often, until the entire liquid after a few 
hours crystallizes into a thick mass of crystals. After draining 
the crystals they may be recrystallized from methyl alcohol, 
which is done by heating 50 grms. of the crystals with 12 c.c. 
water until all has dissolved, and adding 300 c.c. methyl alco- 
hol; boil, filter, and allow to cool. Shaking facilitates crystal- 
lization considerably. {Soxhlet.) 

Properties. — Maltose crystallizes generally in microscopic 
needles containing 5^ (1 mol.) water of crystallization. The 
dried crystals are hygroscopic, specific rotatory power being 
(a) X>= -(- 137°. Maltose reduces alkaline solutions of copper, 
bismuth, and other metallic salts, but its reducing power as 
measured by Fehling's solution is ^ less than that of dextrose. 
With phenyl-hydrazine acetate it gives after heating for 1-^ 
hours clusters of yellow crystals, C„H,,]Sr,0„meltingat 306° 0. 
Maltose is easily and completely fermented by yeast. When 
heated with very dilute sulphuric acid, maltose yields dex- 
trose. The diastatic enzymes act in the same way. 

Dextrose, C„H,,0„. 

Preparation. — Warm a mixture of 1.5 litres 90^ alcohol 
and 60 c,c, strong HOI on the water-bath to 45° C., and 
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gradually add 500 grms. powdered cane-sugar, stirring all 
the while and taking care that the temperature does not 
rise above 50° C. After two hours the sugar will have dis- 
solved and will be inverted into dextrose and Isevulose ; allow 
it to cool, and place it in a cold place until crystallization com- 
mences, wliich occurs in from six to eight days. The crystal- 
lization maybe facilitated by constant stirring. If pure anhy- 
drous crystals of glucose are at hand, add a few grammes to 
the cold solution and stir well. In this case the crystalliza- 
tion will begin in a few hours, and is complete in 36 hours. 
The crystals thus obtained are well drained, then washed free 
from HOI by 90^ alcohol, then with absolute alcohol, and 
now dried at a mdderate heat. To completely purify these 
crystals boil them for five to ten minutes with pure methyl 
alcohol* (sp. gr. 0.810 at 20° C), filter, quickly cool, and the 
glucose crystals will separate out. (Soxhlet). 

Properties. — Dextrose (glucose, grape sugar) is readily sol- 
uble in water, sparingly soluble in alcohol, and insoluble in 
ether. It crystallizes from .an aqueous solution in white 
spheroidal masses, and from alcohol in transparent anhydrous 
prisms. Its solutions rotate the ray of polarized light to the 
right ; (a) D — -\- 53.6°. In alkaline solutions dextrose 
reduces salts of silver, bismuth, mercury, and copper. Under 
the influence of yeast it is converted into alcohol and carbon 
dioxide. It may also undergo lactic-acid fermentation under 
the influence of certain bacterial growths. With a mixture 
of 2 parts phenyl-hydrazine hydrochloride and 3 parts sodium 
acetate a watery solution of glucose gives, when heated on 
the water-bath, a precipitate of fine yellow needles (phenyl 
glucosazon, O^H^N.OJ, melting at 204°-305° C. 

* The purest methyl alcohol is mixed with[about 30^ water, and about 
four-fifths distilled ofE on the water-bath. This distillate has, as a 
rule, the above specific gravity, and is immediately used. 
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Inosit, 0,H,jO,. 

Preparation.— 1. Make a watery extract of 2 lbs. chopped 
meat, remove the albuminous bodies by coagulating at boil- 
ing heat. This is filtered and the filtrate precipitated by 
sugar of lead, and again filtered and washed. This filtrate is 
boiled with basic lead acetate and allowed to stand 24-48 
hours. The precipitate thus obtained, which contains all the 
inosit, is decomposed in water by H^S. The filtrate is strongly 
concentrated, treated with 2-4 vols, hot alcohol, and the 
liquid removed as soon as possible from the tough and flaky 
masses which ordinarily separate. If no crystals separate 
from the liquid within 24 hours, then treat with ether until 
the liquid has a milky appearance and allow it to stand. In 
the presence of a sufiBcient quantity of ether, crystals of inosit 
separate within 24 hours. The crystals thus obtained, as also 
those which are obtained from the alcoholic solution directly, 
are recrystallized by redissolving them in very little water 
and the addition of 3-4 vols, alcohol. 

2. Inosit may also be prepared from green beans by evap- 
orating the watery extract to a syrupy consistency and pre- 
cipitating with alcohol. The precipitate is dissolved in water 
and the inosit allowed to crystallize out. {VoM.) 

Properties. — Inosit crystallizes in large, colorless, rhombic 
crystals of the monoclinic system, or, if not pure and if only 
a small quantity crystallizes, it forms fine crystals similar to 
cauliflower. The crystals melt at 217° 0. It dissolves in 6 
parts water at the ordinary temperature, and the solution has 
a sweetish taste. It is insoluble in strong alcohol and in 
ether. Inosit does not ferment with beer yeast, but is cap- 
able of lactic-acid fermentation. It dissolves copper oxhy- 
drate in alkaline solutions, but does not reduce on boiling. 
It gives negative results with Moore's or Boetgee-Almen's 
bismuth test. Its solutions have no action on polarized light. 
Inosit gives no combination with phenyl-hydraziu acetate. 
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Fatty Acids, GJi^J^^. 

Preparation, — Dissolye 20 grms. caustic potash in 100 c.c. 
absolute alcohol, placing the vessel in cold water as consider- 
able heat is generated. When all has dissolved that will, 
decant the clear solution from the sediment. Now heat on 
water-bath 50 grms. mutton tallow or leaf lard with 50 c.c. 
alcohol in a flask connected with a return condenser. Continue 
the application of heat until all the fat has melted; now add 
the potash solution, and gently boil for one half to one hour. 
When the liquid in the flask does not give a cloudiness when 
added to water, then all the fat has been converted into soap. 
Filter through a cotton plug and dilute this liquid with 500 to 
600 c.c. water. Boil over the naked flame until all the odor of 
alcohol has disappeared, and add dilute sulphuric acid (1 to 4) 
until the solution has a marked acid reaction. Allow this to 
stand on the boiling water-bath until the separated fatty 
acids have collected on the surface as an oily layer. Now 
allow to cool, filter through a wet filter, wash the fatty acids 
with cold water, and crystallize the same from hot 80^ alco- 
hol. The oleic acid (Oj^H^^OJ remains nearly entirely in the 
mother liquid, while the palmitic (Cj^Hj^OJ and stearic acid 
(OjjHjjOJ forms the crystals. Determine the melting-point 
of the mixture, then dissolve the same in cold alcohol, and 
fractionally precipitate this solution with an alcoholic solu- 
tion of sugar of lead (3 to 4 fractions are sufiicient). Each 
precipitate is shaken with ether and the fatty acid obtaiiici' 
on the evaporation of the ether. Determine the melting- 
point of each fraction, and a different melting-point will be 
found for each, showing that the fatty acids obtained from 
the fat consists of a mixture. The first lead precipitate con- 
tains the stearic acid. 

Stearic acid melts at 69.2° C. 

Palmitic acid melts at 62° C. 
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Soap. 

Preparation. — Dissolve 50 grms. fatty acids (page 7) in 
100 c.c. alcohol by warming on the water-bath. Gradually 
add an alcoholic solution of caustic soda (10 grms. NaHO in 
100 c.c. alcohol) to this solution until a very faint alkaline 
reaction is obtained. Heat on water-bath for 15 minutes, 
transfer to flat porcelain dish, and evaporate off the alcohol 
on the water-bath. When nearly all alcohol is off, add 30 c.c. 
water and continue the evaporation, stirring all the while. 
The product thus obtained when dry will be a neutral soap. 

Serum Albiimin. 

Preparation. — 1. Defibrinated ox blood (or human transu- 
dations) is filtered through washed linen (free from starch) 
and allowed to stand in the cold in a tall vessel until the red 
blood-corpuscles have settled bo the bottom. The clear serum 
is carefully drawn off by means of a siphon and saturated at 
30° C. with magnesium sulphate, filtered at the same tem- 
perature, and washed with a saturated solution of magnesium 
sulphate. Saturate the filtrate with sodium sulphate (or 
ammonium sulphate) at 40° C, whereby the serum albumin 
is precipitated. This precipitate is collected on a filter, 
pressed between paper, dissolved in water, reprecipitated by 
sodium sulphate (or ammonium sulphate), and the process 
repeated several times. The solution in water is now freed 
from salts by means of dialysis, using large amounts of dis- 
tilled water. The serum albumin may be obtained from this 
dialyzed solution by evaporating the solution to dryness at a 
gentle heat, or, better, by precipitating with an excess of 
strong alcohol, filtering, washing with alcohol, and finally 
with ether, and then drying by exposure to the air. 

When precipitating the serum albumin by means of alcohol 
filter immediately, press between paper, and remove the alco- 
hol from the precipitate by means of ether. 
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3. Serum albumin may also be precipitated from the fil- 
trate, after the precipitation of the serum globulin, by means 
of acetic acid — about Ifc. Filter after a few hours, press the 
precipitate between filter-paper, dissolve in water, neutralize 
by the addition of alkali, and remove salts by means of dial- 
ysis. The serum albumin is obtained from this salt-free solu- 
tion as above directed. 

Properties. — In the dry state serum albumin forms a trans- 
parent, gummy, brittle, hygroscopic mass or a white powder, 
readily soluble in water, forming a clear solution with a spe- 
cific rotatory power, for a solution saturated with NaCl, of 
(a) i) = — 62.6° to 64.6°. The coagulation temperature is 
-|- 70° to 75° C, but varies with the varying concentration 
and the amount of salts. Its solutions are precipitated by 
alcohol and ether. 

OT-Albumin. 

Preparation. — 1. The white of several hen's eggs (free 
from yolk) is subdivided by cutting with a scissors or by 
beating violently, filtered through linen (free from starch), 
and then treated with an equal amount of water. A precipi- 
tate will form, and this must be removed by filtration. Sat- 
urate the filtrate at 20° 0. with very finely powdered mag- 
nesium sulphate (MgSO, -f 7HjO), which is done by adding 
small portions of the salt at a time and constantly stirring. 
After completely saturating, remove the precipitated globu- 
lins by filtration, and thoroughly dialyze the filtrate until a 
portion removed and treated with BaCl, does not give any 
reaction for sulphates. Evaporate the solution (which greatly 
increases in volume during dialysis) at 40°-60° 0. in a flat 
dish, and allow this concentrated solution to undergo dialysis 
again ; and, lastly, evaporate to dryness at the above-mentioned 
temperature. 

3. Ov-albumin may also be obtained by saturating the fil- 
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trate from the magnesium sulphate with sodium sulphate 
(or ammonium sulphate) at 20° C. The precipitate of ot- 
albumin is filtered off and pressed between filter-paper, dis- 
solved in water, again precipitated with sodium sulphate (or 
ammonium sulphate), and after repeating this process several 
times the salts are removed by dialysis, and the salt-free 
solution evaporated to dryness at 40° C, or in a vacuum. 

Properties. — The ov-albumin remains as a yellowish, trans- 
parent mass soluble in water, precipitated from its solutions 
by alcohol, and quickly converted into coagulable albumin. It 
is not precipitated from its watery solution by MgSO^, but 
completely precipitated by NH,SO,. Its 1-3^ solution con- 
taining some salt coagulates at about 56° C. It is not pre- 
cipitated by ether, and has a specific rotatory power of (a) 
D = -35.5°. 

Serum Globulin or Paraglobulln. 

1. Faintly acidify blood serum (prepared as directed on 
page 8) with a few drops acetic acid, and dilute with 10-20 
vols, of water. The serum globulin will separate as a fine 
flocculent precipitate, which is filtered and further purified 
by dissolving it in a dilute common-salt solution or in water 
by the aid of the smallest possible amount of alkali, and then 
reprecipitating by diluting with water or by the addition of a 
little acetic acid. On repeating this twice the serum globulin 
is carefully dried in the air. {Al. Schmidt.) 

2. Serum may also be precipitated from blood serum by 
means of magnesium or ammonium sulphate added to satu- 
ration. Filter and wash with one-half saturated solution of 
the salt used, and purify the precipitate by means of dialysis. 
As ammonium sulphate is removed by dialysis with difficulty, 
it is best to use magnesium sulphate. When great purity is 
required the precipitate may be redissolved by adding distilled 
water, reprecipitating by saturating with the salt again, and 
purifying this by thorough dialysis. {Hammarsten.) 
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Projjerties. — Serum globulin is insoluble in watei-, but 
soluble in dilute salt solutions (NaCl, (NHJ.SO,, MgSOJ. 
Its solution in dilute solutions of (NHJ^SO,, or MgSO^, are 
completely precipitated by saturating these solutions with the 
respective salt, but it is incompletely precipitated by NaCl. 
The coagulation temperature with 5-10^ NaCl in solution is 
75° C. Speciiic rotatory power for a solution containing salt 
is {a) D= - 47.8. 

Fibrinogen. 

Preparation. — Precipitate salt plasma with an equal volume 
of a saturated solution of NaCl (33^). The precipitate thus 
obtained is pressed between filter-paper, redissolved in an 8^ 
salt solution, the filtrate precipitated by a saturated salt solu- 
tion as above, and after precipitating in this way three times, 
the precipitate at last obtained is filtered, pressed between 
filter-paper, and finely divided in water. These operations 
should be performed rapidly, as prolonged contact with a half- 
saturated salt solution renders the precipitate of fibrinogen 
very insoluble. The fibrinogen dissolves by the aid of the 
small amount of NaOl contained in itself, and the solution 
may be made salt free by dialysis with very faintly alkaline 
water. [Hammarsten.) 

Properties. — Fibrinogen has the general properties of the 
globulins, namely, insoluble in water, but soluble in dilute 
neutral salt solutions. It is precipitated unchanged from 
these solutions on sufficiently diluting with water. On heat- 
ing it coagulates. When dissolved in a 5-10^ NaOl solution it 
coagulates at 53° to 55° C , and the faintly alkaline or nearly 
neutral weak solution coagulates at 56 C. Its specific rota- 
tory power for sodium light is — 53.5°. 

Myosin, 

Preparation. — 1. Finely chopped meat is extracted by 5^ 
magnesium-sulphate solution. The filtered extract is then 
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treated with MgSO, in substance until 100 c.c. of the liquid 
contains about 50 grms. of the salt. The so-called paramyosin 
or musculin separates. The filtered liquid is now treated 
with magnesium sulphate until each 100 c.c. of the liquid 
holds 94 grms. MgSO, in solution. The myosin which now 
separates is filtered, dissolved in water by the aid of the re- 
tained salt, precipitated by diluting with water, and, when 
necessary, purified by redissolving in dilute salt solution and 
precipitating with water. {Halliburton.) 

3. Myosin may also be prepared by treating finely chopped 
meat, which has first been soaked in cold water until the 
muscles are white, with a 10-20^ ammonium-chloride solu- 
tion, allowing to stand for a few hours, stirring now and then. 
Filter this solution ofE and dilute with about 20 vols, water. 
The myosin separates in flakes which gradually settle to the 
bottom. This is washed 3 to 4 times by decantation, but not 
oftener, as then the myosin becomes insoluble. Dissolve now 
in ammonium-chloride solution and the myosin obtained 
therefrom, either by reprecipitating by diluting with water, or 
by removing the salt by .dialysis. [DanilewsTcy.) 

Properties. — Myosin has the general properties of the 
globulins. It is completely precipitated by saturating with 
NaCl, also by MgSO,, in a solution containing 94^ of the salt 
with its water of crystallization. Like fibrinogen it coagulates 
at 56° 0. in a solution containing common salt, though the 
coagulation temperature may vary for myosins of different 
origin, and also for the same myosin in different salt solutions. 
It is soluble in dilute alkalies. Myosin decomposes hydrogen 
peroxide. 

OTO-Yitellin. 

Preparation. — Shake the yolks of two eggs with 200 c.c. acid- 
free ether in a stoppered cylinder, then add 5 c.c. alcohol. A 
sticky, stringy precipitate will be formed. Eemove the ether 
as well as possible and add 100 c.c. of a 10^ common salt 



HANDBOOK FOE BIO-CHEMICAL LABORATOBY. 13 

solution. On shaking the precipitate it dissolves in the com- 
mon salt solution, yielding a cloudy liquid ; place the solution 
in a separatory funnel and shake with an equal yolume of 
ether. It will remain clear or nearly so. Draw ofE the 
watery solution and allow it to stand until the next day, 
when a cloudiness will have appeared; this is settled byre- 
shaking again with ether. Draw off the watery liquid again, 
measure it, and dilute with 10 vols, of water. The very fine 
precipitate produced is filtered ofE the following day, washed 
with water and then with alcohol. To further purify the 
substance thus obtained place the precipitate in a flask, boil 
with absolute alcohol on the water-bath, filter, wash with alco- 
hol, then with ether, and lastly subdivide the mass in a flat 
dish and allow to dry over sulphuric acid or in a vacuum. 
(_8al]cotvsM.) 

Properties. — Vitellin is insoluble in water, but soluble in 
dilute neutral salt solutions. It is soluble in hydrochloric acid 
of 1 p.m. and in very dilute solutions of alkalies or alkali 
carbonates. The coagulation temperature for the solution 
containing NaCl lies between 70° and 75° 0. It yields nuclein 
when digested with pepsin and hydrochloric acid. Vitellin 
obtained as above should contain only 0.95^ phosphorus. 

Casein. 

Preparation. — 300 c.c' fresh milk are diluted with 800 c.c. 
water and treated with acetic acid so that the dilute milk con- 
tains 0.75-1 p.m. acetic acid. (Hydrocloric acid may also be 
used.) The casein hereby precipitated is quickly washed with 
water by decantation and rubbed with water in a mortar so that 
it is as fine as possible. Dissolve it with the least possible quan- 
tity of a 0.1^ caustic-soda or ammonia solution, continually 
stirring, and taking care that the liquid does not became alka- 
line but neutral. The milk-white liquid is filtered through 
several folds of filter-paper, when jt will become water-clear 
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with only a slight bluish opalescence. After diluting with 
water it is again precipitated by acetic acid (or hydrochloric 
acid) as above directed, and the precipitate again ground 
finely, washed on a filter with water, and then dissolved in caus- 
tic soda as above. This is repeated once or twice. Then the 
washed precipitate is gently pressed, quickly rubbed to a 
paste with 97^ alcohol, transferred to a filter, washed first 
with alcohol, then with ether, pressed, then dried in a mortar 
after having finely divided it. The last traces of ether are 
removed in a vacuum or over sulphuric acid. [Hammarsten.) 
Properties. — Casein forms a white, dusty, insoluble powder 
which reddens moist blue litmus-paper. It is readily soluble 
in dilute alkalies and acids. It is completely soluble in 0.3^ 
hydrochloric acid, and if this is digested at 38-40" 0. with 
pepsin a gradual cloudiness is formed and a precipitate of 
nuclein is produced. Casein solutions do not coagulate on 
boiling, but are covered, as milk, with a skin. Casein is pre- 
cipitated from neutral solutions or from milk by NaCl or 
MgSOj in substance without changing its properties. Metallic 
salts, such as copper sulphate, completely precipitate casein 
from neutral solutions. Casein coagulates with rennet or 
chymosin in the presence of lime-salts. 

Albuminate (Alkali). 

Preparation. — Beat up the white of an egg finely and filter 
through a piece of clean linen, and treat the filtrate with 
a solution of 1 grm. caustic potash in a little water, contin- 
ually stirring. The solution will be immediately, or after 
some time, converted into a gelatinous mass. This is cut into 
pieces, washed a few times with water, then dissolved in warm 
water, allowed to cool, and precipitated by acetic acid, wash- 
ing the precipitate with alcohol and ether. This precipitate 
of alkali albuminate appears as a flaky, amorphous, white 
substance, nearly insoluble in water as well as NaCl solutions. 
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but readily soluble in alkalies NEjCOj, Na^HPO, , as well as 
dilute hydrochloric acid. It does not coalgulate on applying 
heat to its solutions. 



Albuminate (Acid). 

Preparation. — Digest the white of two eggs with hydro- 
chloric acid (0.5^), and let it stand or apply gentle heat ; then 
dilute witli twice its Yolume of water. Collect the precipi- 
tate, dissolve it in hot water, and carefully neutralize the solu- 
tion with Na^COj ; finally wash well with water, and the prod- 
uct will be pure acid albuminate. 



Fibrin, 

Preparation. — Whip freshly-drawn ox-blood with a bunch 
of twigs ; the fibrin adheres to the twigs and entangles but a 
few blood-corpuscles. The mass is washed for a long time in 
a stream of running water until nearly white, and then with a 
5^ common salt solution, and again with water. When free 
from NaCl extract with alcohol and then with ether, and pre- 
serve in a solution of equal parts glycerine and water. 

Properties. — Fibrin is soluble with difficulty in a 5-10^ 
common salt or saltpetre solution or similar solutions of 
MgSO, or other neutral salts. In the presence of enzymes or 
by putrefaction it may dissolve. It is insoluble in water, alco- 
hol, or ether. Fibrin decomposes hydrogen peroxide. Solu- 
tions of fibrin are precipitated by lead acetate, copper sulphate, 
and mercuric chloride. Weak HOI (0.3^) causes fibrin to 
swell up into a transparent Jelly, while stronger acids dissolve 
it in a time with the formation of acid albumin or syntonin 
and albumoses. 
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Peptone. 

Preparation. — 1. Digest 2000 grms. washed fibrin, but not 
boiled, with 5 litres of a solution of purified pepsin (see Pep- 
sin) obtained from 600 grms. of the removed mucous mem- 
brane of the fundus of the stomach of two pigs and contain- 
ing 0.4^ HCl. This mixture is allowed to digest for a fort- 
night at 37°-40°C., so as to insure as complete a conversion of 
the albumoses into peptones as possible. A little thymol 
(0.25^) may be added to prevent putrefaction. The forma- 
tion of peptones takes place much more quickly with trypsin 
digestion ; therefore it may be used instead of pepsin. After 
complete digestion the solution is filtered through linen and 
should not contain any albuminates or coagulable albumin. 
Exactly neutralize the filtrate with soda and heat to boiling. 
Wliile boiling hot precipitate by saturating with ammonium 
sulphate. Allow to cool, and separate the precipitated albu- 
moses and the ammonium sulphate, which has crystallized 
out, by filtration. The filtrate is again heated to boiling, 
and made strongly alkaline with ammonia and ammonium 
carbonate and saturated with ammonium sulphate while boil- 
ing. Filter when cold, and boil the filtrate until the odor of 
ammonia has entirely passed off ; now saturate again with 
ammonium sulphate while hot, and acidify with acetic acid. 
When cold filter and strongly concentrate the filtrate, stirring 
constantly, and when cold decant the liquid from the salts which 
have crystallized out. A great part of the remaining ammon- 
ium sulphate may be removed by careful fractional precipitation 
with alcohol (^ vol.), so that at last a solution rich in peptones, 
containing alcohol and some little ammonium sulphate, is ob- 
tained. The alcohol is driven off by boiling the solution, 
and the ammonium sulphate decomposed by boiling with 
barium carbonate. The filtrate is freed from the excess of 
barium by the careful addition of dilute sulphuric acid. This 
hat filtrate, which must not contain any sulphuric acid, is 
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strongly concentrated, and the peptones precipitated by the 
addition of alcohol. The peptones thus obtained are quickly 
dried in a desiccator connected with an air-pump. {Euhne.) 

3. The solution obtained after the digestion of jB.brin with 
pepsin as described in method 1 is first neutralized with 
sodium hydrate, filtered through linen, and the filtrate acidi- 
fied with acetic acid and concentrated considerably. ISTow 
precipitate the albumoses by saturating with amonium sul- 
phate, filter and press, and boil the solution with barium hy- 
drate, and finally with barium carbonate and a large quantity 
of water, until ammonia can no longer be detected. Eemoye 
the barium sulphate by filtration through cloth bags, and the 
filtrate evaporated after washing the precipitate. The barium 
peptone thus obtained is decomposed by a slight excess of 
sulphuric acid, the barium sulphate filtered off, the solution 
concentrated, the free acid neutralized with ammonia, and 
after cooling add 6^ sulphuric acid (previously diluted). 
E"ow precipitate with a large excess of phospho-tungstic acid, 
filter, wash first with 6^ sulphuric acid, then with a large 
quantity of water, after which the compound is decomposed 
by means of barium hydrate and the excess of barium com- 
pletely removed from the filtrate by the careful addition of 
sulphuric acid. The solution of peptones thus obtained has a 
distinct acid reaction, and the solid peptone may be obtained 
therefrom by repeated precipitation and boiling with alcohol. 
{Euhne and Chittenden.) 

Nuclein. 

Preparation. — 1. Pure casein is dissolved in water contain- 
ing 3 p.m. HCl and filtered, and the filtrate digested with pep- 
sin at 40° 0. After a time a precipitate of nuclein appears; this 
is filtered off, washed with warm water, and purified by re- 
peated solution in a 1^ solution of sodium carbonate and re- 
precipitated after filtration by the addition of dilute hydro- 
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chloric acid. Tlie nuclein thus obtained is washed with 
water and extracted with alcohol and then ether. Dry over 
sulphuric acid. 

2. Suspend some beer-yeast in water and wash by decanta- 
tion, and then add it to water containing 5 p.m. HCl. After 
some time add a slight excess of soda. Filter immediately 
through a rapid filter and allow to flow into dilute HCl, when 
a precipitate will fall to the bottom of the flask. Wash by 
decantation flrst with dilute hydrochloric acid, then with 
water, and then with boiling alcohol. Dry in a vacuum. 

Properties. — The nucleins are colorless, amorphous, insol- 
uble or very slightly soluble in water. They are insoluble in 
alcohol and ether. They are more or less readily soluble in 
alkalies ; in dilute mineral acids they are insoluble or dissolve 
with difficulty. On boiling with caustic alkali they decom- 
pose and alkali phosphates are formed. On fusing with soda 
and saltpetre they give alkali phosphates also. 

Nucleinic Acids. 

Preparation. — Treat 1000 c.c. well-washed yeast with 3250 
c.c. of a 3^ caustic-soda solution, and allow to digest at the 
temperature of the room for 5 minutes. Neutralize with hy- 
drochloric acid, and add an excess of acetic acid. Filter oS 
the precipitated albuminous bodies and measure the filtrate. 
Now add HCl to filtrate so that it contains 3-5 p.m., and 
then add an equal volume alcohol which has previously been 
acidified to the same extent (3-5 p.m.). The impure nu- 
cleinic acid thus precipitated is filtered off, dissolved in am- 
moniacal water, and purified by treating as above, namely, 
acetic acid, hydrochloric acid, and alcohol. The purified 
product is dried in desiccator. {Altmann.) 

Properties, — Nucleinic acids are white, amorphous, and 
acid in reaction, readily soluble in ammoniacal or alkaline 
water^ and are not precipitated therefrom by an excess of 
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acetic acid, but readily by a slight excess of hydrochloric acid, 
especially in the presence of alcohol. They are insoluble in 
alcohol and ether. 

Lecithin. 

Preparation. — The yolk of several eggs free from white are 
violently shaken with ether until the ether does not dissolve 
any more. The Bevei-al etheral extracts are freed from ether 
by distillation, and the residue dissolved in petroleum ether 
and filtered. The filtrate is transferred to a separatory funnel 
and shaken several times with 75^ alcohol; the alcoholic ex- 
tracts are united, and allowed to stand until entirely clear. 
Separate any petroleum ether present, and filter. The last 
portions of petroleum ether are distilled off, and the residue 
is allowed to stand in a cold place for several days, when a 
precipitate will be produced. The liquid is separated from the 
precipitate by decantation and then filtration. Decolorize the 
solution by boiling with animal charcoal, filter, and evaporate 
to syrupy consistency at 50-60° C. Dissolve the syrup in 
ether, filter, and evaporate the filtrate, when the lecithin will 
be obtained in a nearly pure form. To further purify, dis- 
solve in as little absolute alcohol as possible, and on cooling 
this solution in a freezing mixture to —5° to — 15° 0. the 
lecithin will be deposited. This is filtered while cold, and 
dried in a vacuum over sulphuric acid. {E. Gilson.) 

Properties. — Lecithin is a soft, waxy, mouldable, not mark- 
edly crystalline mass, which when placed on a microscope slide 
with water forms oily drops, appearing under the microscope 
like worms, called "myeline forms." It is easily decom- 
posed by acids and alkalies, especially by the latter. On 
fusion with soda and saltpetre on platinum foil it yields 
a mass in which phosphoric acid can be easily detected. It 
combines with acids and bases. The combination with HCl 
gives a double salt with PtCl,, which is insoluble in alcohol, 
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but soluble in ether, and which contains 10.2^ platinum. It 
is soluble in chloroform, carbon disulphide, benzol, and fatty 
oils. 

Oxyhaemoglolbin. 

Preparation. — Defibrinated blood (best from the dog or the 
horse) is mixed with at least 10 times its Tolume of a salt solu- 
tion (1 vol. saturated solution with 9 vols, water), and allowed 
to stand in a cool place for a couple of days until all the blood- 
corpuscles have settled to the bottom. Eemove the superna- 
tant liquid by means of a siphon, and transfer the blood-cor- 
puscles to a flask. Add 2 vols, water, and then shake with an 
equal volume of ether. After a time remove the ether by de- 
cantation, and allow the ether retained by the blood solution 
to evaporate in an open dish in the air. Filter quickly 
through a folded filter, cool the solution to 0° C, and add while 
stirring \ of its volume of alcohol which has been cooled to 
0" C. and allow to stand for several days at —5° to —10° C. 
The crystals which separate are filtered off, pressed, and re- 
crystallized by first quickly dissolving them in not too much 
water at 20° to 30° C, cooling to 0° C, precipitating with cold 
alcohol as above, and allowed to stand at —5° to —10° 0. This 
recrystallization is repeated several times. Lastly, the crystals 
are washed with cooled water containing alcohol (i vol. alco- 
hol), and dried in vacuum at 0° C. or a lower temperature. 
{Hoppe Seyler.) 

Properties. — Oxy haemoglobin from various kinds of blood 
has different crystalline forms. It is insoluble in ether, chlo- 
roform, benzol, and carbon disulphide. Crystals of oxyheemo- 
globin are insoluble in absolute alcohol. Its solution in water 
is not precipitated by many metallic salts, but is precipitated 
by sugar of lead. On heating the watery solution it decom- 
poses at 60°-70° C, and splits into hsematin and albumin. It 
is also decomposed by acids, alkalies, and many metallic salts. 
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Dilute solutions show a spectrum with two absorption-bands 
between the Fraunhofer lines B and E. The one band, a, 
which is narrower but darker and sharper, lies on the line D; 
the other, broader, less defined and less dark band, /J, lies at 
E. Oxyhsemoglobin solutions are reduced by reducing solu- 
tions such as ammonium sulphide, ammoniacal ferro-tartrate 
solution {Stohes reduction liquid) yielding a characteristic 
spectrum of haemoglobin. 

Haemoglobin. 

Preparation. — Fill a cylinder nearly full with a dilute 
watery solution of oxyhsemoglobin, and add a few drops of a 
putrefied extract of meat. Close up hermetically, and allow to 
stand some time at the ordinary temperature. The oxyhgemo- 
globin will be reduced to haemoglobin, and if the solution is of 
the proper concentration a crystallization of haemoglobin may 
occur in the cylinder at lower temperatures. The solution 
of haemoglobin is more purple than a solution of oxyhaemo- 
globin, and shows a spectrum with only one absorption-band 
occupying the space between the Fraunhofer lines D and E. 

Carbon-monoxide Haemoglobin. 

Preparation. — Pass a current of carbon monoxide (pre- 
pared by heating a mixture of sulphuric and oxalic acids and 
passing the gases through a wash-bottle containing KOH), 
through a watery solution of oxyhaemoglobin. The color of 
the solution becomes lighter, due to the formation of carbon- 
monoxide haemoglobin. The spectrum of the solution is not 
changed, but it differs from the oxyhaemoglobin in that it 
cannot be reduced by reducing solutions into haemoglobin. 
The crystals are isomorphous to the oxyhaemoglobin crystals, 
but are less soluble. 
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MethaemogloMn. 

Preparation. — On treating a concentrated solution of oxy- 
hEemoglobin witli a sufficient quantity of a concentrated 
solution of potassium ferricyanide to give the mixture a 
porter-brown color, metliEsmoglobin will be formed. After 
cooling to 0° C. add | vol. alcohol cooled to 0° C, and allow 
the mixture to stand a few days in the cold. The crystals ob- 
tained maybe easily purified by recrystallization from water 
by the addition of alcohol. (Pig's blood is better adapted for 
the preparation of metlisemoglobin than dog's blood.) 

Properties. — Methaemoglobin crystallizes in brownish-red 
needles, prisms, or six-sided plates. It dissolves readily in 
water, and this solution becomes red on the addition of alkali. 
The spectrum of methaemoglobin shows three absorption- 
bands, one in the red about half way between C and D, the 
other two between D and E, which resemble the position of the 
oxyhaemoglobin lines, but on careful measurement are found 
to be different. 

Fibrin Ferment. 

Frejoara^iO)/. — Blood-serum is mixed with 10 to 15 times 
its volume of absolute alcohol ; by this means tlie proteids are 
precipitated, as also the ferment. The precipitate is allowed 
to stand a few months with the alcohol, which renders the 
proteids insoluble. Filter the precipitate off and dry in de- 
siccator over sulphuric acid. The ferment is separated from 
the other bodies by extracting with water, which dissolves the 
ferment. {A. Schmidt.) 

Properties. — A solution of the ferment will coagulate peri- 
cardial and similar fluids or solutions of fibrinogen. It is 
most active at about 40° 0. It is diminished in action at 0° 0., 
and entirely destroyed on heating its solutions to 73°-75° 0. 



HANDBOOK FOR BIO-CHEMICAL LABORATORY. 23 

Glycocholic Acid, C„H„NO,. 

Preparation. — 1, The precipitate obtained by treating an 
alcoholic solution of dried decolorized bile with ether is dis- 
solved in water, and dilute sulphuric acid added until a per- 
manent and dense turbidity is produced. Allow this liquid 
to stand a few hours, when glycocholic acid will separate out 
as fine silky needles. Collect on filter, wash with water, 
press between folds of filter-paper, and then dissolve in alcohol, 
using as little alcohol for solution as possible. Add many 
times its volume of ether, and glycocholic acid will separate 
out as long silky needles. 

3. Decolorized extract of ox-bile is dissolved in water and 
the solution treated with a solution of lead acetate. A pre- 
cipitate of lead glycocholate is produced. Collect on a filter, 
wash, drain, and mix with alcohol. To this add a solution of 
sodium carbonate in excess and evaporate to dryness. This 
converts the lead glycocholate into sodium glycocholate. 
Eemove the sodium glycocliolate from the lead glycocholate 
by extracting the residue with absolute alcohol. Distil off 
the alcohol nearly to dryness, and evaporate to dryness in a 
porcelain dish. Dissolve this residue in water, decolorize 
this solution by animal charcoal, and the glycocholic acid is 
precipitated from the solution by the addition of dilute sul- 
phuric acid. The acid thus obtained is purified by crystalli- 
zation from boiling water on cooling, or by the addition of 
ether to its solution in absolute alcohol. 

3. Fresh ox-bile is treated with a few drops HCl, which 
causes the precipitation of the mucoid substances. Filter, 
and to each 100 c.c. filtrate add 5 c.c. strong HCl. Place in 
a stoppered cylinder and add 30 c.c. ether for every 100 c.c. 
bile, shake well, and allow to stand in a cool place. After a 
time the mixture is found to be converted into a mass of 
crystals of glycocholic acid. Filter and wash with ice-water 
until the washings are colorless ; they are then dissolved in 
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the smallest possible quantity of boiling water, which deposits, 
on cooling, crystals in a colorless and pure state. {Hiifner.) 
Properties. — Glycocholic acid crystallizes in fine, colorless 
needles or prisms. It is solnble with difficulty in water 
(about 300 parts cold and 130 parts boiling water). Eeadily 
soluble in strong alcohol, but with greater difficulty in ether. 
The solutions have a bitter taste, but at the same time a 
sweetish taste. The salts of the alkalies and alkaline earths 
are soluble in alcohol and water, while the glycocholates of the 
heavy metals are either insoluble or only sparingly soluble in 
water. It is a monobasic acid. The solution of the alkali- 
salts in water is precipitated by lead acetate, copper, ferric 
salts, and silver nitrate. On boiling with acids or alkalies 
it splits into cholalic acid and glyoocoll. Glycocholic acid 
or its salts are dextro-rotatory. Specific rotation of the acid 
dissolved in alcohol is [a) D = -\- 29°. 

Taurocholic Acid, C„H„]SrSO,. 

Preparation. — Agitate dog's bile with animal charcoal and 
alcohol, allow to settle, decant through filter. The clear 
filtrate is evaporated to dryness and dissolved in a little hot 
absolute alcohol and precipitated by the addition of ether. 
This crystalline precipitate of sodium taurocholate is filtered, 
dissolved in water, and precipitated by lead acetate and am- 
monia, filtered, washed well, and then boiled with absolute 
alcohol, filtered while hot, and the filtrate decomposed with 
H,S until no further precipitation of PbS. occurs. This is 
filtered, the filtrate concentrated by evaporation at a gentle 
heat and then precipitated by an excess of water-free ether. 
The precipitate consists of taurocholic acid which after a 
time becomes converted into needle-shaped crystals possess- 
ing a silky lustre. If the precipitate refuses to crystallize, 
after a time add a drop or two of alcohol. {Parke.) 

Properties, — Taurocholic acid crystallizes in needles which 
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rapidly deliquesce in the air. It is readily soluble in water 
and alcohol, yielding a solution with a bitter-sweetish taste. 
Its salts are, as a rule, readily soluble in water, and the solu- 
tions of the alkali salts are not precipitated by copper sulphate, 
silver nitrate, or sugar of lead, but are precipitated, on the 
contrary, by basic lead acetate. The aqueous solution of the 
alkali salts foam like soap. On boiling with acids and alkalies 
it splits into cholalic acid and taurin. Both aqueous and alco- 
holic solutions of taurocholic acid are dextro-rotatory. - Spe- 
cific rotation of its alcoholic solution is {a) D =: -j- 25°. 

Cholalic Acid, 0,,H,„0,. 

Preparation. — 1. 500 c.c. bile are treated with 75 grms. 
barium hydrate and the mixture boiled for 34 hours on the 
sand-bath. The flask should be connected with a return con- 
denser. Allow the liquid to cool, and filter. Add concen- 
trated hydrochloric acid to the filtrate, which decomposes the 
barium cholalate, depositing impure cholalic acid. These 
crystals are separated from the mother-liquor and pressed, and 
dissolved in a solution of caustic soda; the solution is then 
mixed with 30 grms. animal charcoal and allowed to stand for 
a few days. It is next filtered and the filtrate decomposed with 
hydrochloric acid, filtered again and washed thoroughly and 
the substance from the filter dissolved by the smallest possible 
quantity of hot alcohol. The alcoholic solution is treated with 
water until a slight turbidity appears. On the liquid being 
cooled cholalic acid separates in the form of hard, transparent 
tetrahedra or in clumps of radiating needles. For further 
purification recrystallize from methyl alcohol. [Mylius.) 

3. Mix ox-bile with one fifth of its weight of a 30^ caustic- 
soda solution and boil for 24 hours on water-bath, having the 
fiask connected with a return condenser. Now saturate the 
liquid with CO, and evaporate to dryness. Extract the 
residue with strong alcohol, which dissolves the sodium salts 
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of cholalic acid as well as those of choleic and stearic acids. 
Now dilute with water until it does not contain more than 
20j^ alcohol, and add a dilute solution of barium chloride as 
long as a precipitate occurs. Filter, and add to the filtrate, 
which should yield no further precipitate with BaCl,, hydro- 
chloric acid. Allow the precipitate of cholalic acid to stand 
with the liquid and it will be found to become crystalline; 
purify by recrystallization from ethyl alcohol and then from 
methyl alcohol. (Mylius.) 

Properties. — Cholalic acid crystallizes with 1 molecule of 
water in rhombic plates or prisms, or in larger rhombic tetra- 
hedra or octahedra with 1 mol. alcohol of crystallization. 
They are quite insoluble in water (4000 parts cold and 750 
parts boiling), rather soluble in alcohol, but soluble with 
difi&culty in ether. It is somewhat soluble in glycerin and 
almond-oil. Its solutions have a bitter-sweetish taste. The 
water-free acid melts at 195° C. In the free state, as well as 
in combination the acid is dextro-rotatory. The specific 
rotatory power of the sodium salt is (a) D = +31.4°. The 
watery solution of the alkali-salts, when not too dilute, is 
precipitated immediately or after some time by sugar of lead 
or by barium chloride. The barium salt, (Cj.HjjOJjBa, 
crystallizes in fine, silky needles, which are soluble in 30 parts 
cold and 33 parts boiling water, but more soluble in alcohol. 

GlycocoU or Glycocine, C,H,NO,. 

Preparation. — 1 part hippuric acid is boiled from 10 to 13 
hours, in a flask connected with a return condenser, with 4 
parts dilute sulphuric acid (1 to 6). After allowing to cool 
pour the contents of the flask into a porcelain dish and allow 
to stand for 24 hours. Filter off the benzoic acid and wash 
with cold water; concentrate the filtrate by evaporation, and 
shake with ether to remove any traces of benzoic acid. 
Dilute this acid solution and Just neutralize with barium 



HAKBBOOK FOR BlO-CHEHlCAL LA BOHATOBY. 27 

hydrate, which precipitates the sulphuric acid ; allow the 
precipitate to settle, wash by decantatiou with boiling water, 
and concentrate the solution 'by evaporation. If an excess of 
Ba(OH)j has been added, remove this by passing CO, through 
the solution, boiling and then filtering, and allowing to stand 
until crystals commence to form. The crystals are removed 
from the mother-liquor and this concentrated further, and 
the process repeated as long as crystals continue to separate 
out. The glycocoll is purified by recrystallization from water. 
Properties. — Glycocoll occurs as fine, hard, colorless, 
rhombic crystals or four-sided prisms. The crystals have a 
sweetish taste, are soluble in 4. 3 parts cold water, very slightly 
soluble in spirits of wine, and insoluble in cold absolute alco- 
hol and ether. It combines witli acids, bases, and neutral 
salts. Glycocoll dissolves copper hydroxide in alkaline solu- 
tion, but does not reduce at the boiling temperature, but de- 
posits on cooling dark blue needles if the liquid is sufficiently 
concentrated. Its solutions possess an acid reaction. When 
heated to 232°-236° C, glycocoll becomes brown, evolves gas- 
bubbles, and melts. A solution of glycocoll is colored red by 
ferric chloride. Its combination with HCl is soluble in water 
and alcohol. 

Taurin, 0,H,NS03. 

Preparation. — Mix ox-bile with strong hydrochloric acid so 
as to precipitate the mucoid substances, filter, and boil the 
filtrate for several hours. After allowing to cool and to de- 
posit the dyslysin and choloidic acid concentrate the liquid 
on the water-bath, filter so as to remove any common salt or 
other substances which may have separated. The filtrate is 
treated with strong alcohol, which precipitates the taurin with 
some NaCl. This precipitate is washed with alcohol, dried, 
and dissolved in the smallest quantity of boiling water possi- 
ble. On cooling the taurin deposits in fine four-sided prisms 
which may be further purified by recrystallization from water. 
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Properties. — Taurin crystallizes in colorless, often large, 
sliiuing, 4-6-sided prisms, ■which dissolve in 15-16 parts water 
at the ordinary temperature, but rather more readily in warm 
water. It is insoluble in alcohol and ether. Taurin is taste- 
less and its solutions are neutral to test-paper. On boiling 
with strong caustic alkalies it yields acetic acid and sul- 
phurous acid but no alkali sulphides; but this decomposition 
does not occur on boiling with HCl or HNO^. Taurin com- 
bines with metallic oxides such as mercuric oxide. Metallic 
salts do not precipitate solutions of taurin. 

BiliniMn, C.^H.^N^O, or 0,,H3,N,0.. 

Preparation. — 1. Finely-powdered gallstones (of oxen) are 
first extracted with ether and then with boiling water to remove 
cholesterin and bile-acids. The residue is treated with dilute 
hydrochloric acid, which sets the pigment free. The insoluble 
powder is thoroughly washed with water and alcohol and then 
dried and boiled with chloroform until entirely extracted. 
Evaporate the chloroform solution on the water-bath and treat 
the powdered residue with absolute alcohol and ether, which 
removes the iilifuscin. Dissolve the remaining residue, insolu- 
ble in alcohol, in chloroform ; precipitate the bilirubin from 
this solution by the addition of alcohol, and repeat this several 
times. The bilirubin is finally dissolved in chloroform and 
allowed to evaporate spontaneously, when crystals of bilirubin 
separate. 

2. Dilute bile (preferably from the dog) with water, and 
precipitate with milk of lime. Pass carbon dioxide through 
the mixture, filter and wash. Suspend the precipitate in water, 
decompose it with hydrochloric acid and shake with chloro- 
form, care being taken to avoid an excess of air. The chloroform 
solution is evaporated to a very small volume, precipitated by 
alcohol, and purified by repeated solution in chloroform and 
reprecipitating with alcohol. 
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Properties. — Bilirubin occurs partly amorphous and partly 
crystalline, as rhombic plates whose obtuse angles are often 
rounded. It is insoluble in water, almost insoluble in ether, 
and very sparingly soluble in alcohol; easily soluble in chloro- 
form, especially in the warmth, and less soluble in benzol, carbon 
disulphide, amyl alcohol, fatty oils, and glycerin. Its solutions 
show no absorption-bands and have, even on diluting greatly 
(1 to 50,000), a decided yellow color. The combinations with 
alkalies are insoluble in chloroform. Bilirubin forms com- 
pounds with bases such as sodium, calcium, barium, lead, and 
silver in ammoniacal solution. On allowing an alkaline solu- 
tion of bilirubin to stand in contact with the air it gradually 
absorbs oxygen, and green biliverdin is formed. 

Biliverdin, C,„H,,N,0, or C3,H,.N,03. 

Preparation. — 1. Biliverdin is readily prepared by expos- 
ing a thin layer of an alkaline solution of bilirubin to the air or 
by passing a current of oxygen through the alkaline solution 
until it has acquired a bright green color. Add hydrochloric 
acid, which precipitates the biliverdin, filter, and wash the pre- 
cipitate with water until no reaction for HCl is obtained in the 
filtrate. Dry the precipitate, dissolve in alcohol, and separate 
the pigment by the addition of water to the alcoholic solution. 
Any bilirubin present may be removed by extracting with 
chloroform. 

3. Add PbOj to an alkaline solution of bilirubin and stir. 
The liquid assumes a dark green color in a few minutes; now 
acidify with acetic acid, which precipitates a compound of bili- 
verdin with lead. This combination is decomposed by means 
of alcohol containing sulphuric acid in solution. The alcoholic 
solution containing the biliverdin is separated from the lead 
sulphate by filtration and the filtrate poured into water, which 
precipitates the biliverdin, Collect the precipitate on a filter 
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and purify by repeated solution in alcohol and reprecipitating 
with water. 

Properties. — Biliverdin is amorphous, but it has occasionally 
been obtained as green rhombic plates with tunicated ends. It 
is insoluble in water, ether, pure chloroform, benzol, but 
readily soluble in ethyl alcohol, methyl alcohol, glacial acetic 
acid, and in chloroform containing alcohol. It dissolves in 
alkalies, yielding a brownish-green solution which is precipi- 
tated by acids, as well as by calcium, barium, and lead salts. 
Solutions of biliverdin exhibit no definite absorption-bands 
with the spectroscope. An absorption occurs from the red 
toward the violet end of the spectrum. 

Cholesterin, 0,,n,,0 + H,0. 

Preparation. — Powdered gallstones are first boiled with 
water and then repeatedly boiled with alcohol. The solution is 
filtered quickly through a heated filter, and the cholesterin 
separates out in a fairly pure condition as the filtrates cool. 
The crystals are washed with cold alcohol and then boiled 
with an alcoholic solution of caustic soda, which saponifies 
the fats present. After the evaporation of the alcohol, extract 
the cholesterin from the residue by means of ether, which 
dissolves the cholesterin, but not the soaps; filter and evap- 
orate the ether, and purify the cholesterin by recrystallization 
from a mixture of alcohol and etlier. 

Properties. — Cholesterin crystallizes from anhydrous* ether 
or chloroform as needles containing no water of crystallization, 
but from alcohol as rhombic transparent plates whose sides 
and angles often appear broken and whose acute angle is 
7G° 30' or 87° 30', with 1 mol. water of crystallization. It melts 
at 145° C. when free from water of crystallization. Cholesterin 
is insoluble in water, dilute acids, and alkalies. It is readily 
soluble in boiling alcohol; also in ether, glycerin, chloroform, 
and benzol, as well as the volatile and fatty oils, Its solutions 
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iire Isevo-rotatory, the specific rotatory power being («) D = 
- 31.6°. 

Ptyalin. 

Preparation. — 1. Mixed human saliva is strongly acidulated 
with phosphoric acid and the mixture carefully neutralized by 
the careful addition of lime-water, which produces a copious 
precipitate of calcium phosphate, and which carries down with 
it a large proportion of the proteids present, together with all 
the ptyalin. On extracting the precipitate, after filtration, 
with a volume of water equal to that of the saliva originally 
employed, the enzyme passes into solution and is obtained 
therefrom by the addition of absolute alcohol, which precipi- 
tates it in the form of white flocculi, which when dried in 
vacuo appears as a white powder. {OoJinheim.) 

2. Saliva is diluted with an equal volume of water and 
saturated with ammonium sulphate. The precipitate thus 
formed is treated on the filter for 5 minutes with strong al- 
cohol, removed from the filter, and further treated with ab- 
solute alcohol for 1-3 days. It is now dried at 30° C. and 
yields, on extraction with a volume of water equal to that of 
the original saliva, a solution which is actively zymolytic and 
free from proteids. {Krawhow.) 

Pepsiu. 

Preparation. — 1. The mucous coat of the pig's stomach is 
scraped with a watch-glass, and after carefully washing and 
drying, by pressing between filter-paper, it is finely minced. 
The mass is now digested with a 5^ solution of HjPO^ at 35° 0. 
until nearly all is dissolved. Nearly neutralize the filtered 
solution with lime-water, which causes a precipitate of calcium 
phosphate, and which carries down with it the greater part of 
the pepsin previously in solution. The peptones and para- 
peptones remain in solution. The gelatinous precipitate is 
parefully washed wjth water, pressed between filter-paper, 
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suspended in water, and treated with HCl until it just dis- 
solves. The solution is then poured into a saturated solution 
of cholesterin, made by dissolving it in a mixture of 4 parts 
alcohol and 1 part ether. A precipitate of cholesterin will be 
formed on the addition of the above acid solution, and this is 
repeatedly shaken with the liquid, and. the cholesterin will 
mechanically carry down with it a part at least of the pepsin 
in solution. Collect this on a filter, wash with water, then 
with acetic acid, and lastly with water again until the wash- 
water gives no further reaction for HCl with AgNO,. 

The moist cholesterin precipitate is shaken in a separatory 
funnel with ether. Two layers will form— the upper an 
ethereal solution of cholesterin and the lower an aqueous 
solution of pepsin. Separate the two and shake the aqueous 
solution repeatedly with ether until all traces of cholesterin 
are removed. The turbid aqueous solution is now filtered, 
and when acidulated possesses proteolytic activity. When 
allowed to evaporate spontaneously it leaves a grayish, amor- 
phous, non-hygroscopic nitrogenous body. {Briicke.) 

3. The finely divided mucous membrane of the fundus of 
the stomach is extracted with glycerin, or, better, with 
glycerin containing 1 p.m. HCl. Add 10 to 20 parts glycerin 
for every part by weight of the mucous coat and allow to 
stand for 8 to 14 days. Filter and precipitate the pepsin from 
the glycerin extract by the addition of a large excess of abso- 
lute alcohol. This may be purified, by dialysis through parch- 
ment paper, {v. Wittich.) 

Artificial Gastric Juice. 

Preparation. — 1. The mucous membrane from the cardiac 
region of five or six pigs' stomachs is finely divided and then 
digested for two weeks, at 40° C, with two to three litres of 
0.5j^ hydrochloric acid. At the end of this time all but traces 
of albunioses have been converted into peptones, which are in 
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solution together with pepsin, although a small portion of for- 
eign matters, nucleins, antialbumid, etc., remain undissolved. 
The liquid is filtered and saturated with powdered (]SrH^)2S0^, 
when a precipitation of the albumoses with the pepsin occurs. 
The precipitate is collected on a filter, washed with a saturated 
solution of ammonium sulphate, and then dissolved in 0.2^ 
HCl. Add 0.25^ thymol to this acid solution and dialyze in 
running water until the whole of the (NHJ^SO, is removed. 
On opening the dialyzing tubes a precipitate is found, which 
is soluble in 0.2^ HCl and furnishes a very active gastric 
juice. (Eiihnc and Cldttenden.) 

2. The mucous coat of a freshly removed pig's stomach is 
carefully washed with water and finely divided, or, if a calf's 
stomach is employed, only the cardiac region is scraped with 
a watch-glass or the back of a knife. The pieces of the 
mucous coat or the slimy masses obtained by scraping are 
rubbed up with pure quartz sand or glass powder, treated 
with water, and allowed to stand for 24 hours in a cool place- 
On filtering, an opalescent liquid is obtained, which, when 
acidulated so as to contain 0.1-0.3 per cent HCl, possesses 
powerful digestive activity. {Kulme.) 

3. The stomach of a pig is opened, emptied, and then the 
surface cleaned with a wet sponge (running water will dissolve 
out a considerable part of the pepsin). The mucous mem- 
brane is removed from all but the pyloric end of the organ. 
It is then freed from a portion of the water adhering to it by 
pressing between dry cloths and then mincing. The finely 
divided mucous membrane is then placed in two or three litres 
of dilute HCl containing from 6 to 10 c.c. strong HCl per litre, 
and the mixture is digested in an incubator at a temperature 
of 35°-45° 0. for a period varying from a few hours to a day. 
If sufficient fluid be present and the mixture now and then 
shaken, all ought to be dissolved in a few hours, leaving but a 
small quantity of brownish flakes and some mucus undis- 
solved. The liquid is filtered through paper, and then may 
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be kept for several months without decomposition, retaining 
active proteolytic properties. Such juice does not, however, 
contain merely acid and pepsin, but considerable quantities 
of albumoses and peptones. {Ganigee's Phys. Chem., vol. ii., 
page 83.) 

Milk-curdling Ferment of the Stomach. 

(Eennin OR Chtitosin.) 

Preparation. — Cut up five calves' stomachs finely, after 
washing, and digest the mass for about 24 hours with a 0.5^ 
common-salt solution, keeping the temperature at about 30° 
C, or less. After digestion filter, measure the filtrate, and 
acidify with hydrochloric acid, so that it contains 0.1% of the 
acid. A thick precipitate of mucous matter is formed, and 
to facilitate its easy separation the liquid is kept at 20°-30° 
C. and allowed to stand until all of the mucous matter has 
separated, or centrifugal force may be used. Filter, measure 
the filtrate, and acidify with HCl again so that the filtrate 
contains 0.5^ acid, and now add powdered common salt until 
no more salt dissolves. This supersaturated, acidulated salt 
solution is brought to a temperature of 25°-30° C, and kept 
at this temperature for 2-3 days, under constant agitation, 
and then allowed to remain quiet for a day or so, the tem- 
perature being raised to 30° to 35° C. A flocculent substance 
is obtained, which rises to the surface of the liquid or is sus- 
pended therein. This is carefully filtered oif, and then dried 
at a temperature of about 28° C. The product thus obtained 
is the pure zymotic product. 

Properties. — Kennin or chymosin is an amorphous, white, 
gelatinous substance, greatly resembling aluminium hydrate. 
It is without taste or smell, soluble in water, forming a limpid 
or clear solution. Chymosin has the property of curdling 
large amounts of milk at 37° C, or pure casein solutions 
containing calcium s^lts, 
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Trypsin. 

Pre^Mration. — 1. The fresh pancreas ot an ox is freed from, 
adhering fat and connective tissue and then minced and di- 
gested first with cold alcohol, and afterwards extracted with 
boiling ether in an extraction apparatus. The insoluble resi- 
due is then exposed to the air, so as to allow the ether to 
evaporate, when there is left a white, friable mass. This 
may be kept indefinitely, and made use of to prepare solu- 
tions of trypsin. (Called Kilhne's pancreas powder.) 

One part by weight of the above pancreas powder is digested 
at 40° 0. for 4 hours with 5 parts of 0.1^ salicylic acid solu- 
tion. The residue after being squeezed is further digested for 
12 hours with 5 parts of 0.35^ ISTa^COj solution, and the resi- 
due is again squeezed out. The acid and alkaline extracts 
are mixed together, the whole made up to contain 0.25-0.5^ 
Na^COj, and digested for at least a week in the presence of 
0.5^ thymol. By this means all the first-formed albumoses are 
fully converted into peptones ; this is essential. At the end 
of the week the fluid is allowed to stand in the cold for 24 
hours, filtered, faintly acidulated with acetic acid, and satu- 
rated with neutral ammonium sulphate. By this means all the 
trypsin is separated out and may be collected on a filter, where 
it is washed with (NHj^SOj (saturated solution) till free 
from peptones. It is now finally dissolved off the filter in a 
little 0.25^ NA5CO3 solution, to which thymol is added, and 
thus an extremely active and pare digestive solution is ob- 
tained. The ammonium sulphate present may be gotten rid 
of by dialysis. (Kiihne.) 

2. The pancreas is carefully removed from a dog killed 18 
to 20 hours after a full meal and weighed. It is then pounded 
up in a mortar with pure quartz sand or glass powder and 
allowed to stand at the temperature of the laboratory for 24 
hours and then mixed with 1 c.c. of 1^ acetic acid for every 
gramme of pancreas, then for each part of the gland mass add 
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10 parts gl3'cerin and allow to stand for three days. After 
tills time filter and precipitate the filtrate with alcohol and 
wash with alcohol. On now dissolving the precipitate in 
water we obtain a solution which has powerful digestive ac- 
tion. (Heidenhain.) 

3. A watery infusion of the gland may be made only after it 
has been exposed to the air for 34 hours, adding 5 to 10 parts 
water for each part by weight of the gland. Salkowski sug- 
gests the digestion of the finely divided gland at 40° 0. with 
water containing 5 to 10 c.c. chloroform per litre. After a few 
days we obtain by this means an active solution of trypsin 
which keeps. 

Pro2Jerties. — Trypsin is very soluble in water, but insoluble 
in alcohol and glycerin. Its watery solution is not decom- 
posed by long digestion at 40° C, and when evaporated it 
yields a translucent, non-crystalline, yellowish solid residue. 
Trypsin may be digested for a long time at 40° C. with caus- 
tic soda without decomposing. 

Diastatic Ferment of the Pancreas (Amylopsin). 

Preparation. — 1. Finely divided pancreas, best after ex- 
posure for 24 hours to the air, is dehydrated first by being 
placed in strong alcohol and afterwards in absolute alcohol, 
the action of which should be continued for some time. The 
dry solid, separated from the alcohol, is then macerated in 
glycerin. The glycerin solution is precipitated by the addi- 
tion of alcohol, filtered, washed with alcohol, dried over sul- 
phuric acid, and then dissolved in water, [v. Wii/ich.) 

2. Precipitate the aqueous infusion of a pancreas which 
has been treated with Mg^OO, with collodion, which carries 
the proteids and the proteolytic ferment down with it in a 
gelatinous form. The filtrate is concentrated by evapora- 
tion in vacuo, and treated with strong alcohol, which tlirows 
(Jowu a flocculent precipitate. Filter, an4 digest in ^ misturg 
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of equal parts alcohol and water, which dissolves the diastatic 
ferment, a little tyrosin, and some salts, leaving some albumin 
undissolved. The liquid is dialyzed, concentrated in vacuo, 
and precipitated by absolute alcohol. The precipitate thus 
obtained possesses feeble proteolytic properties, due to remain- 
ing traces of the proteolytic ferment, but has intense diastatic 
properties. {Danieleioski.) 

The Fat-decomposing rerment of the Pancreas 

(Steapsin). 

Preparation. — A perfectly fresh pancreas is crushed in a 
mortar with glass powder and mixed with a solution com- 
posed of 90 c.c. glycerin and 1 c.c. of a Ij^ solution of Na^COj, 
using 30 c.c. of the glycerin solution for every 3 grms. of the 
pancreas. This is allowed to digest for not longer than four 
to five days and then removed from the mass of the pancreas. 
This extract has the property of decomposing neutral fats. 
( Orutzner. ) 

Leucin, C.H,3N0,. 

a. Amido-isobutyl Acetic Acid, 

(CH3),,0H.0H,.CH(NHJ.C00H. 

Tyrosin, O.H^NO,. 
p. Oxyphenyl-amido Propionic Acid, 

^«^* [ CH,.CH(NH,)COOH. 

Preparation. — 1. These two bodies may be prepared in 
large quantities by boiling albuminous bodies or albuminoids 
with dilute mineral acids. Two parts hoof-shavings (J to 1 
kilo in weight) are boiled for 24 hours with 5 parts concen- 
trated sulphuric acid and 13 parts water, adding water from 
time to time to replace that which has evaporated. After 
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boiling it is diluted with water and gradually treated with 
milk of lime with constant stirring until the liquid is neutral 
or a little alkaline. Filter through a folded filter, the residue 
on filter boiled with water several times, and after filtration 
added to the main filtrates. The several filtrates are concen- 
trated by evaporation and oxalic acid added so as to precipi- 
tate all the lime; filter, boil the calcium oxalate precipitate 
with water several times, filter and unite all filtrates, evapo- 
rate until crystallization begins, and allow to cool. What first 
crystallizes out consists chiefly of tyrosin with only a little 
leucin. Filter this off and concentrate the liquid more, 
when a second crystallization will form on cooling, which 
consists of leucin with some tyrosin. This operation of evap- 
orating and crystallizing is continued until no more crystals 
are obtained. The several batches of crystals are united and 
boiled with a large quantity of water and enough ammonia 
to dissolve them. To this hot solution add lead acetate, con- 
stantly stirring, until the precipitate formed is no longer 
brown, but white; filter, heat the yellow filtrate to boiling, 
neutralize or make faintly acid with dilute sulphuric acid, 
filter while boiling hot, and allow to cool. Pure tyrosin is 
deposited while leucin remains in solution. 

The mother liquor from the tyrosin is treated with H^S, 
filtered and concentrated and boiled a couple of minutes with 
freshly precipitated copper oxyhydrate. A deep blue solution 
is the result, which, if filtered and concentrated, deposits sky- 
blue crystalline warts, and an insoluble cuprous compound of 
leucin. This precipitate, as well as the crystalline warts, is 
decomposed in hot water with H^S, filtered, and the filtrate de- 
colorized when necessary with animal charcoal, strongly concen- 
trated, and allowed to crystallize. The leucin which deposits 
may be purified by recrystallization from boiling alcohol or 
by precipitating it as leucin lead oxide, decomposing this 
precipitate when suspended in water with H^S, and evaporat- 
ing the filtrate to point of crystallization. The tyrosin may 



iTANniBOOK FOR ElO-CHEMICAL LABOEATORT. 39 

be purified by recrystallization from boiling water or from 
ammoniacal water. 

3. A large quantity of well-boiled fibrin is digested at 
40° C. with a solution of Kilhne's dried pancreas containing 1 
per cent salicylic acid and some thymol. After a day or two 
the liquid is filtered, faintly acidified with acetic acid, and 
boiled. After filtration concentrate the filtrate nearly to 
syrupy consistency and set aside to cool. Considerable quan- 
tities of leucin and tyrosin will have crystallized out after 24 
hours. Eemove the crystals and concentrate the mother-liquor 
further if necessary, and precipitate the peptones with an 
excess of hot alcohol, and filter while hot. On cooling crystals 
of leucin will form if much is present. Pour off the mother 
liquor, and wash with a saturated solution of ammonium sul- 
phate. The mixed leucin and tyrosin resulting from these 
operations must be separated and purified by the method of 
Hlasiwetz and Haberniann, as described in method No. 1. 

The leucin may be simplest separated from the tyrosin by 
boiling the yellow crystalline masses or crusts with alcohol, 
which dissolves the leucin and leaves the tyrosin in great part. 
After filtering and concentrating the filtrate leucin crystal- 
lizes out and is purified by repeated crystallization from 
alcohol. Tyrosin is obtained in a crystalline form by dissolv- 
ing the residue insoluble in alcohol with water containing 
ammonia, and allowing this solution, after filtration, to evap- 
orate at ordinary temperatures. 

Properties. — Leucin crystallizes when pure in shining 
white, very thin, doubly refractive plates, nodular masses or 
balls, possessing a greasy feel and which float on water. Pure 
leucin dissolves in 27 parts cold water, and in 1040 parts cold 
and in 800 parts boiling alcohol, though the solubility seems 
to vary with the source of the leucin. On slowly heating it 
melts at 170° C, and sublimes in white, woolly flakes, which 
are similar to sublimed zinc oxide. Its specific rotatory power 
is (a) D ^= -\- 17.5°. Solutions of leucin in water are not, as a 
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rule, precipitated by metallic salts. The boiling' hot solution 
may, however, be precipitated by a boiling hot solution of 
copper acetate. It forms crystalline compounds with sul- 
phuric, hydrochloric, and nitric acids. 

Pure tyrosin crystallizes iu colorless, silky, fine needles, 
which are often grouped in tufts or rosettes. From very 
impure solutions it separates in part or wholly in nodules and 
balls very like leucin. It is soluble with difficulty in water, 
being dissolved by 2454 parts water at 20°C., and 154 parts 
boiling water. It is insoluble in alcohol and ether. Tyrosin 
is readily soluble in solutions of ammonia, caustic alkalies, and 
alkaline carbonates. It is also soluble in dilute mineral acids, 
with which it forms unstable compounds. 

Aspartic Acid, C,H,]Sro.. 
Amido-sucoinic Acid, C,H3(NHJ(C0.0H),. 

Preparation. — The mother-liquor from which leucin and 
tyrosin have crystallized out (see page 38) is further concen- 
trated and treated with a little alcohol, when, after some 
time, new crystalline crusts will separate. These are dissolved 
in water, and the solution boiled with freshly precipitated 
cupric hydrate. On filtering the blue solution will deposit 
the copper compound of aspartic acid, which occurs as light 
blue needles. These are dissolved in HCl anddecomposed by 
HjS, when white crystalline plates of aspartic acid will sepa- 
rate out. This is purified by crystallization from boiling water. 

Properties. — Aspartic acid crystallizes in rhombic prisms 
which are sparingly soluble in cold water or alcohol, but 
readily soluble in boiling water. Its solution, strongly acid 
with nitric acid, is dextro-rotatory, (a) D = -\- 35.16°, but in 
alkaline solution it is leevo-rotatory. With copper it forms a 
compound soluble in boiling water, but nearly insoluble in 
odd water. 
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Glutamic Acid, 0,H„NO.. 
Amido-pyrotaetaeic Acid, 03H,(NHJ(000H),. 

Preparation. — Boil 200 grms. casein (free from fat) with 
600 c.c. concentrated llCl and 500 grms. stannous chloride 
for 3 days in a flask connected with a return condenser. After 
diluting with 10 vols, water remove the tin by means of H^S, 
and evaporate to syrupy consistency on water-bath. On stand- 
ing in the cold the syrup will solidify into a mass of crystals; 
these are stirred up and transferred to a filter connected with 
a filter-pump, and as much mother-liquor sucked ofE as possi- 
ble; then place the moist mass on an unglazed tile and placed 
in desiccator until dry. Now recrystallize one or two times 
from as little water as possible with the addition of cone. 
HCl, and remove the mother-liquor as well as possible. The 
crystals are now dissolved in a great deal of water and boiled 
with an excess of lead oxyhydrate until the solution is free 
from chlorine. Filter, precipitate the lead by H,S, filter again, 
and evaporate the solution to point of crystallization. If these 
crystals retain still small quantities of chlorine, treat the hot 
solution with some silver oxide or carbonate; filter, treat the 
filtrate with H^S, filter, and evaporate to crystallization. 

Properties. — Glutamic acid crystallizes in the form of 
small plates or rhombic tetrahedra or octahedia, which are 
sparingly soluble in cold water, but readily in hot water. It 
is insoluble in alcohol or ether, and melts at 135°-140°C. Its 
dilute HCl solution has a specific rotatory power of [a)D — r\- 
31.1° to 31.6°. Dilute solutions reduce Pehling's solution. 
When boiled with Cu(OII)j, glutamic acid separates in the 
form of blue-colored prisms, which are soluble in 3400 parts 
cold and 400 parts boiling water. 

CH 

/ ^\ 
Indol, C,H,N = C.H, OH 

NH 
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C.CH, 
/ ^ 

Skatol, C,H„]Sr = C.H, CH 

\ / 

NH 

or Methyl Indol. 

Preparation. — Two kilogrammes of well-pressed blood fibrin 
are placed in a large flask (13 litres capacity) treated with 8 
litres water (containing 2 grms. KH,PO, and 1 grm. MgSOJ, 
and well mixed with 200 c.c. of a cold saturated solution of 
soda, then a few cubic centimetres of a putrefying infusion of 
meat with some fragments of the decomposed meat. The flask 
is closed with a stopper provided with a glass tube attached 
with a rubber tube to a wash-bottle half full of water. 
The rubber tube has a clamp which is left open during the 
first days of the experiment. The mass is digested at 40° to 
42° C. for 10 days, the flask being shaken from time to time 
and the clamp closed as soon as the evolution of gas has 
ceased and only opened now and then so as to liberate the 
accumulated gases. 

After this time the entire liquid contents of the flask is 
distilled off until the residue in the flask measures 1 to 1.5 
litres. The strongly ammoniacal distillate is acidified with 
HCl and then precipitated by a solution of copper sulphate 
and filtered. The clear filtrate is thoroughly shaken with 
ether, which is best done by shaking fractions of \ litre at a 
time in a separatory funnel drawing off the heavy liquid and 
adding new portions of the filtrate to the ether in the fuunel, 
adding more ether from time to time. When one half of the 
filtrate has been extracted with ether distill the ether from the 
ethereal solution and use the ether for further extraction. The 
entire ethereal extracts are distilled until about 500 c.c. are left. 
This resi due is thoroughly shaken 2 times with a solution of 
caustic soda to separate phenols and acids, and the ether now 
distilled off at the lowest possible temperature. The oily 
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residue, preyiously treated with some caustic-soda solution, is 
distilled in a current of steam* until no more indol passes over. 

The distillate is now shaken with ether, the ethereal solu- 
tion distilled at the lowest possible temperature, and the 
residue allowed to evaporate in a deep vessel until, on being 
allowed to cool, it solidifies as a crystalline mass. The latter 
is then dried in a desiccator over sulphuric acid. {E. and H 
Salkowshi.) The crystals thus obtained, consisting of indol 
and skatol, are dissolved in a very small quantity of absolute 
alcohol and tlien treated with 8-10 vols, water. The skatol is 
precipitated, but not the indol. The skatol is filtered ofE and 
recrystallized from ether. The indol is obtained from the 
watery solution by extracting it with ether and allowing the 
ether to evaporate spontaneously. 

The mass of crystals, consisting of indol and skatol, may be 
separated from each other by means of fractional distillation 
in a current of steam when the skatol passes over first. 

Skatol may also be obtained from this mixture of crystals 
by dissolving about 0.5 grm. in a few drops of benzol and 
adding 1.5 grm. crystallized picric acid and sufficient benzol 
to dissolve all while being heated in a covered beaker-glass. 
On cooling the mass solidifies to a red crystalline mass. Now 
add 3 vols, petroleum ether and stir, filter after 24 hours, 
wash with petroleum ether, and allow the crystals to dry 
in the air. Place the crystals in a distilling flask- and 
distill with dilute caustic soda, which decomposes the indol, 
while the skatol passes over and is condensed. This skatol is 
purified by recrystallization from ether. 

Properties. — Indol crystallizes from hot aqueous solutions 

* The current of steam is best produced by filling a large flask two- 
thirds with water which has been acidified with a few cubic centimetres 
of dilute H2SO4 and a few pieces of zinc, which by the action of the heat 
develops a gentle current of hydrogen, which prevents bumping and 
gives rise to a quiet, even generation of steam, which may be kept up 
for hours. 
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as small scales, -which melt at 53° 0. It is tolerably soluble in 
hot and less soluble in cold water ; readily soluble in alcohol, 
ether, chloroform, benzol, and petroleum ether. It forms a 
combination with picric acid, consisting of red needles, which 
are decomposed on heating with caustic soda, but pass over 
without decomposition when distilled with ammonia. Indol 
has a peculiar excrementitious odor. 

Skatol crystallizes in small plates, which melt at 95° 0. It 
is less soluble in water than indol, but in the presence of 
steam it distils readily. It is readily soluble in alcohol, 
ether, chloroform, and benzol. With picric acid it forms a 
crystalline compound, which does not decompose on being 
heated with caustic soda, but passes unchanged into the distil- 
late. It has an intense fetid odor. 

Ordinary or Fermentation Lactic Acid, 

C,H,0, or CH,.CH.OH.COOH. 

Preparation. — 330 grms. cane-sugar and 0.5 grm. tartaric 
acid are dissolved in 1750 c.c. boiling water and allowed to 
stand for two days. Then add 4 grms. putrefying cheese 
(German Handkase), 440 grms. sour milk, and 135 grms. 
zinc white, and allow this mixture to stand for eight to ten 
days at 40° C. with constant shaking. After this time heat to 
boiling, filter, and allow to cool, when zinc lactate will crystal- 
lize out. This is purified by recrystallization and then de- 
composed by H,S in hot aqueous solution, the solution fil- 
tered, and the filtrate evaporated on the water-bath. The 
syrupy residue is dissolved in ether (to separate any mannite), 
and then the ether removed by distillation or by evaporation. 

Pro;?er<ies.— Fermentation lactic acid has a similar appear- 
ance to sarcolactic acid, namely, a colorless, faintly yellowish, 
acid-reacting syrup, which mixes in all proportions with water, 
alcohol, or ether. It is optically inactive. It forms salts 



HANDBOOK FOR BIO-CHEMICAL LABOKATORT. 45 

readily, which are soluble in water and most of them in alco- 
hol. The zinc salt dissolves in 58 to 63 parts of water at 
14-15° 0. and contains 18.18^ water of crystallization, but is 
insoluble in alcohol. The calcium salt dissolves in 9,5 parts 
water and contains 29.22^ (=5mol.) water of crystalliza- 
tion, 

Sarcolactic Acid, 

Paralactic Acid, C3H.O3 orCH3.CH(0H).C00H, 

Preparation, — Dissolve Liebig's extract of meat in 4 parts 
of water and then add 8 parts 90^ alcohol, stirring all the 
while. The mixture is allowed to stand and settle, and the 
clear supernatant liquid is separated by decantation. To re- 
move any lactic acid from the insoluble residue, mix it with 
twice its weight of warm water and precipitate by adding 4 or 5 
times its volume of alcohol. The alcoholic solutions thus ob- 
tained are evaporated on the water-bath to a thin syrup, and 
this latter again precipitated by the addition of 3 or 4 times its 
volume of alcohol. The alcoholic solution is now evaporated 
to dryness, the residue mixed with water, some dilute H^SO^ 
added, and then shaken several times with ether. On evapo- 
rating the ethereal solution a residue is obtained which con- 
sists of a mixture of sarcolactic and fermentation lactic 
acids. 

To separate the two above acids they are dissolved in water 
and boiled with zinc carbonate or zinc white, the solution 
filtered, and the filtrate evaporated until crystals commence to 
form. The liquid is now treated with 4 or 5 times its volume 
of 90^ alcohol ; after some time the liquid becomes turbid 
and deposits needles, consisting of zinc sarcolactate, the zinc 
salt of the other acid remaining in solution, The crystals are 
collected on a filter, washed with absolute alcohol, dissolved 
in water, decomposed by H^S, filtered, concentrated, shaken 
with ether, and the pure acid obtained on the evaporation of 
the §ther§^l solution, 



46 HANDBOOK FOR BIO-CHEMICAL LABORATORY. 

Properties.— Sarcolaoiic acid occurs as a syrup, which dis- 
solves in water, alcohol, and ether readily. It is dextro-rota- 
tory, but its salts, on the other hand, are laevo-rotatory. Its 
zinc salt crystallizes with 2 mol. (12.9^) water of crystalliza- 
tion as small four-sided prisms, which dissolve in 17.5 parts 
water, its calcium salt containing 24.83-26. 21^ (4 or 4.5 mol.) 
water of crystallization, and dissolving in 13.4 parts water. 

Protagon. 

Preparation. — An ox-brain as fresh as possible, with the 
blood and membranes carefully removed, is ground fine and 
then extracted for several hours with 85fc alcohol at 45° C, 
filtered while hot, and the residue extracted with warm alco- 
hol until the filtrate fails to yield a precipitate at 0° 0. The 
several alcoholic extracts are cooled to 0° C, and the precipi- 
tates united and completely extracted with cold ether, which 
removes cholesterin and lecithin-like bodies. The residue is 
strongly pressed between filter-paper and allowed to dry over 
sulphuric acid or phosphoric anhydride. The resulting mass 
is powdered, moistened with water digested for many hours 
with iilcohol at 45° C, filtered, slowly cooled to 0° C. The 
crystals may be purified by recrystallization. {Gamgee and 
Blankenlior7i.) 

Properties. — Protagon appears when dry as a white, loose 
crystalline powder. It is soluble with difficulty in cold, but 
more easily soluble in warm, alcohol and ether. At tempera- 
tures above 55° C. its solutions decompose. It swells up in 
little water, decomposes partly, and gives myaline forms. It 
is soluble in glacial acetic acid, which deposits crystalline 
forms on cooling. AVhen boiled with a solution of Ba{OH),, 
protagon decomposes into glycero-phosphoric acid, fatty acids, 
and ueurine. It melts at 200° C, forming a brown syrup. 
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Urea, CH.N.O or H.N.CO.NH,. 

Preparation. — Evaporate ^ to 1 litre of urine to syrupy 
consistency on the water-bath, allow to cool in ice-water, treat 
while stirring with 3 vols, nitric acid of sp. gr. 1.3 which 
has previously been boiled and then coolod to 0° 0. Allow 
this mixture to stand for a few hours at 0° 0. The crystals 
of urea nitrate which form are transferred to a filter of glass 
wool and washed several times with small amounts of ice-cold 
pure concentrated nitric acid, then dissolved in as small a 
quantity of hot water as possible, and reprecipitated by cone. 
HNO3. These crystals are first drained, then dissolved in hot 
water, and the solution decolorized by a little chlorine water, 
and then treated with a small quantity of pure barium carbon- 
ate until no more dissolves and eflEervescence ceases and the 
solution is neutral. Ifow evaporate the solution to complete 
dryness on the water-bath, pulverize the residue, and extract 
it with cold absolute alcohol, which dissolves the urea, but not 
the barium nitrate. The filtered alcoholic solution is decolor- 
ized when necessary by animal charcoal and evaporated at a 
medium heat to point of crystallization. 

Synthetical. — Heat 250 grms. coarsely powdered potassium 
ferrocyanide in a capacious porcelain dish over a naked flame 
with constant stirring until all is changed into a white pow- 
der, leaving no lumps having a yellow nucleus. Care must 
be taken not to apply too strong a heat, as otherwise the pow- 
der will turn brown. The mass thus obtained is finely 
powdered and thoroughly mixed with one half (^) its weight 
of dried finely powdered manganese dioxide, and the mixture 
heated on an iron dish under the draught, constantly stirring 
until deflagration begins and the mass becomes doughy. The 
heat is continued until a portion of the mass placed in water 
and acidified with HCl fails to give a blue precipitate with 
ferric chloride. Then allow to cool, lixiviate with cold water, 
add tg the solution f of the weight of the dfied potassium, 
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ferrocyanide of ammonium sulphate, filter, and evaporate at 
about 60°-70° C, at which temperature the ammonium cya- 
nate is converted into urea. The crystals of potassium sul- 
phate are removed from time to time and then the solution 
evaporated to dryness. The urea is obtained from this residue 
by extraction by absolute alcohol as above described. 

Properties. — Urea crystallizes in needles or in long, colorless 
four-sided, often hollow, anhydrous rhombic prisms, similar 
to saltpetre. It has a neutral reaction, has a bitter taste, and 
produces a cooling sensation on the tongue. It melts at 130°- 
132° C, but partly decomposes at about 100° C. At ordinary 
temperatures it dissolves in equal weights of water and in five 
parts alcohol. Urea is readily soluble in amyl alcohol. It is 
insoluble in anhydrous ether, chloroform, and in petroleum 
ether. Urea combines with salts, such as NaCl, NH,C1, and 
the chlorides of the heavy metals, such as mercury, gold, zinc, 
copper, etc., producing crystalline combinations. It also com- 
bines with acids, both inorganic and organic, forming crystal- 
line salts. 

Uric Acid, 

C.H,N,0, or HN— CO 

CO C— NH 

Jo 

I 

HN— C— NH 

Preparation. — 1. Powdered Peruvian guano is just heated 
to boiling with 15-20 parts water in a porcelain dish, and 
then dissolved by the careful addition of a small amount of 
concentrated solution of caustic soda or potash, and now 
boiled until the odor of ammonia has disappeared. Filter and 
saturate the filtrate with carbon dioxide, when a gelatinous, 
aift^r wards granular, precipitate of acid potassium urate ig 
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formed. The liquid is decanted after standing 24 hours, and 
the precipitate washed with small quantities of ice-cold water, 
and while still moist added to boiling dilute hydrochloric acid 
and kept boiling for some time, continually stirring. After 
cooling the separated uric acid is filtered, thoroughly washed 
with cold water, and dried. If not quite pure, it can be redis- 
solved in alkali, precipitated by 00,, and treated again as 
above, or it may be added to water and dissolved in the cold 
by the gradual addition of sodium amalgam, and after the re- 
moval of the impurities by filtration the uric acid may be re- 
precipitated by HCl. 

3. Filtered normal urine is treated with 20-30 c.c. of 25^ 
HCl for each litre of urine. After 48 hours collect the crys- 
tals and purify them by redissolving in dilute alkali, decolor- 
izing with animal charcoal, and reprecipitating with hydro- 
chloric acid. Filter, wash with ice-cold water, and dry. 

3. Uric acid may be prepared synthetically by melting 
0.1-0.15 grms. glycocoll with 1-2 grms. urea in a test-tube 
over a small flame. The mass is heated until solid, care be- 
ing taken not to apply too strong (above 220° C.) a heat, also 
not too low a heat. The cooled mass, which ought to be yel- 
low or yellowish-brown, is dissolved in boiling water with the 
addition of ammonia and filtered; the filtrate is precipitated 
when cold with a mixture of magnesium mixture and ammo- 
niacal silver nitrate solution. The precipitate is washed with 
ammoniacal water, subdivided in hot water, and treated with 
a solution of sodium sulphide. The filtrate from the silver 
sulphide is acidified with HCl and concentrated, when on 
cooling impure uric acid will crystallize out. Test these crys- 
tals with the murexid test, and if they do not give the reac- 
tion reprecipitate with ammoniacal silver solution and proceed 
as above, when comparatively pure uric acid will be obtained. 
It is better to make several fusions of glycocoll with urea, and 
adding these together and obtaining the uric acid therefrom 
in larger quantities. (/. HorbaczewsM.) 
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Properties. — Pure uric acid is a white, odorlesSj and taste- 
less powder consisting of very small rhombical prisms or 
plates. It is insoluble in alcohol and ether, rather easily sol- 
uble in boiling glycerin, very difficultly soluble in cold water 
(14000-15000 parts), and difficultly soluble in boiling water 
(1800-1900 parts). It is soluble in sulphuric acid in the cold 
without decomposition, and readily soluble in many salts of 
the alkalies, as in the caustic alkalies; ammonia, however, 
scarcely dissolves it. Uric acid reduces alkaline solutions of 
copper or silver, but not alkaline solutions of bismuth. 

Hippuric Acid, 

C.H.NO, or C.H..CO.NH.OH,.COOH. 

Preparation. — 1. Treat fresh horse or cow urine with milk 
of lime until it is of a strong alkaline reaction; warm, filter, 
evaporate the filtrate to a syrupy consistency, and acidify 
strongly with HCl when cold. The hippuric acid thus pre- 
cipitated is drained, washed with cold water, pressed between 
filter-paper, dissolved in as small a quantity of boiling water 
as possible, filtered, and the boiling-hot filtrate treated with 
chlorine gas until the color of the solution is pale yellow. 
Cool quickly, filter, wash the hippuric acid a few times with 
cold water, and crystallize from boiling water after treating 
the solution with animal charcoal. {Tli. Curtius.) 

2. One litre of the fresh horse or cow urine is made faintly 
alkaline with sodium carbonate and filtered, the filtrate 
evaporated nearly to dryness, and the residue repeatedly ex- 
tracted with cold, strong alcohol. The alcohol is nearly en- 
tirely distilled off from the extracts the remaining watery 
solution acidified with HCl, and then repeatedly extracted 
with fresh portions of acetic ether (at least five times). The 
acetic ether extracts are united, and washed by shaking with 
water in a separatory funnel, and then evaporated at a moderate 
temperature. The residue is repeatedly treated with petro- 
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leum ether, which removes the benzoic acid, oxyacids, fat, and 
phenol, while the hippuric acid is left undissolved. The 
residue is dissolved in a little warm water, treated with 
animal charcoal, and evaporated at 50°-60° 0. to point of 
crystallization. {Bunge and Schmiedeberg.) 

Synthetical. — Hippuric acid may be prepared by adding a 
few drops caustic-soda solution to a watery solution of glyco- 
coU, shaking with benzoyl chloride, adding gradually an ex- 
cess thereof and then making strongly alkaline with caustic 
soda. Now precipitate with hydrochloric acid on cooling. 
The precipitate of hippuric and benzoic acids are carefully 
drained, pressed between filter-paper and washed with cold 
water, dried, and extracted with petroleum ether, which only 
dissolves the benzoic acid. The remaining hippuric acid is 
recrystallized from hot water. (J. Bamn.) 

Properties. — Hippuric acid crystallizes in semi-transparent, 
milk-white, long, four-sided rhombic prisms or columns, or 
in needles on rapid crystallization. They dissolve in 600 
parts cold water, but more easily in hot water. It is soluble 
in alcohol, but with difficulty in ether. It is insoluble in 
petroleum ether, benzol, and carbon disulphide. Hippuric 
acid is readily soluble (about 13 times) in acetic ether. It 
combines with bases, forming salts which are soluble in water 
or alcohol. The combinations with the alkalies and the alka- 
line earths are readily soluble in alcohol, while the silver, 
copper, and lead salts are soluble with difficulty. On boiling 
with caustic alkalies, mineral acids, or by continued heating 
with water at 170°-180° C. it splits into benzoic acid and 
glycocoU. 

Allantoin, 

^/NH.OH.NH.CO.NH. 
C,H.N,0,orCO(^;^jjCO 

Preparation. — 1. Evaporate the amniotic fluid of a cow to 
one sixth {^) its volume, or calf urine to syrupy consistency, 
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and allow it to stand in a cold place for several days, when 
allantoin and magnesium phosphate crystallize out, with ge- 
latinous magnesium urate. Now dilute with water, stir, and 
decant the liquid from the allantoin and magnesium-phos- 
phate crystals. Kepeat this several times, and boil the crystals 
with water after having added some animal charcoal; filter 
while hot; faintly acidify the filtrate with HCl, which keeps 
the phosphates in solution, and allow to crystallize. Purify 
by recrystallization from water. ( Wohler.) 

2. Make a thin paste of uric acid and water, heat nearly to 
boiling, and add in small quantities a thin paste of finely 
ground lead peroxide with water, continually stirring until 
the chocolate-brown color of the mixture just disappears. 
(Care must be taken not to have an excess of lead peroxide.) 
If the mass has become too thick, some water may be added 
during the operation; now filter while hot, and allow to cool. 
After crystallization the mother-liquor is concentrated by 
evaporation so as to obtain more allantoin. The preparation 
is purified by repeated crystallization from small amounts of 
boiling water. (K. Hoffmann.) 

3. Treat 3 mols. uric acid, subdivided in water, with 1 mol. 
potassium permanganate, taking care that the mixture does 
not get warm. Filter quickly, supersaturate with acetic acid 
and allow to stand 24 hours, when crystals of allantoin will be 
formed. (K. Hoffmann.) 

Properties. — Allantoin is a colorless substance, often crys- 
tallizing in prisms, or, when prepared from calf urine, as small, 
thin columns. It is soluble in 160 parts cold (20° C.) and 30 
parts boiling water. It is insoluble in cold absolute alcohol 
and ether. Allantoin combines with acids and bases, forming 
salts. With silver oxide and mercuric oxide it forms im- 
portant combinations. Allantoin reduces Fehling's solution 
on continued boiling. 
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Creatin, 

C^H.N^O. + H.O or NH.: C [NH,].N[CHJ.OH,.COOH. 
Syn. Methyl GuANiDiiir Acetic Acid. 

Preparation, — 1. Beef extract (Liebig's) is treated with 
water and the albumin removed as far as possible by heating 
to boiling, and filtering. The filtrate is precipitated by the 
careful addition of basic lead acetate, taking care not to add 
too great an excess of the precipitant. Filter, remove the 
excess of lead acetate in the filtrate by H^S, and evaporate the 
filtrate to a small volume at moderate temperature. Allow 
the solution to stand one week in a cool place, filter off the 
separated crystals, wash with 88^ alcohol, and purify when 
necessary by recrystallization. The crystals may be decolor- 
ized by dissolving them in hot water to which animal charcoal 
has been added, filtering,and allowing the filtrate to crystallize. 

2. Finely chopped meat is mixed with one half its weight 
of water, pressed, and the residue again extracted with the 
same amount of water. This extract is freed from albumin 
by heating to boiling and filtering, and adding a solution of 
baryta water to the filtrate as long as a precipitate forms. 
Filter off the precipitated phosphates, remove the excess of 
baryta by means of carbon dioxide, filter, and evaporate the 
filtrate to one twentieth of its volume on the water-bath. The 
syrup is allowed to stand several days in a cool place when 
crystals will form. If a skin should form on the surface this 
should be removed. 

3. Chopped meat is treated with ether and allowed to stand 
for a few days, when a strongly acid fluid separates out. This 
is colored red, due to myoheematin. This watery fluid is sep- 
arated and evaporated, when crystals of creatin will separate 
out, which may be purified by recrystallization as above. 
(MacMunn.) 

Properties. — Creatin crystallizes in hard, colorless, shining. 
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monoclinic prisms containing 1 mol. water of crystallization, 
which it loses when heated to 100° 0. It dissolves in 74 
parts water at the ordinary temperature, and in 9400 parts 
absolute alcohol. It is insoluble in ether. Its watery solu- 
tion is neutral in reaction, and has a bitter taste. Oreatin 
forms crystalline compounds with mineral acids and with 
mercury. When heated with dilute mineral acids it is con- 
verted into creatinin. It forms compounds with certain 
metallic solutions. 

Creatinin, 

C,H,N30orNH:0^^^ ^^ 

\N(CHJ.CH,. 

Methyl Guanidin Hydantoin. 

Preparation. — 1. Evaporate several litres of urine to one 
third or one quarter its volume, allow to cool, and decant liquid 
from the precipitated salts, now precipitate with lead acetate 
and filter. The excess of lead in the filtrate is removed by H^S 
or soda solution; filteragain, nearly neutralize with soda solu- 
tion or acetic acid, heat to drive off H^S, and add a concentrat- 
ed solution of mercuric chloride, which causes a precipitate. 
Filter, suspend the precipitate in water and decompose it 
with a current of H^S, and again filter. Decolorize the filtrate 
with animal charcoal and evaporate to dryness. The mass is 
recrystallized several times from strong alcohol. The creatinin 
may be easily obtained pure from the creatinin hydrochloride 
by treating with lead oxyhydrate and then crystallizing. 

2. One-half to one litre of urine is treated with baryta mix- 
ture (1 vol. saturated Ba(N03)j solution and 2 vols, satu- 
rated baryta-water) until no further precipitate is formed, 
filtered, and the filtrate evaporated on the water-bath to a 
thin syrup. This is mixed with an equal volume alcohol and 
allowed to stand in a cool place for 34 hours ; the salts which 
separate out are removed by filtration and the filtrate treated 
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with 1 to 3 c.c. concentrated alcoholic solution of acid-free 
zinc chloride. After a few days yellow crystals of creatinin 
zinc cliloride separate out ; these are filtered off, washed with 
alcohol, dissolved in hot water and decomposed by boiling for 
about half an hour with an excess of freshly precipitated 
lead oxide or lead carbonate. Filter while hot, decolorize the 
filtrate by boiling with animal charcoal, filter again, evaporate 
to dryness, and extract the residue by strong alcohol in the 
cold, which removes the creatinin. Creatin remains behind 
undissolved. 

3. Precipitate -J to 1 litre of urine with phospho-tungstic 
acid and hydrochloric acid, filter, and treat the precipitate 
with caustic baryta. Filter, and remove the excess of baryta 
by means of carbon dioxide, and filter again. Evaporate the 
filtrate to dryness, extract the residue with strong alcohol and 
evaporate the alcohol, when the creatinin will be obtained 
impure. It may be purified as above described. 

Properties. — Creatinin crystallizes in long, colorless, highly 
refractive, monoclinic prisms, which do not become white 
with loss of water when heated to 100° C. It dissolves in 
11.5 parts cold water and 100 parts cold alcohol, though it is 
more soluble in hot liquids. It is nearly insoluble in ether. 
Creatinin combines with HCl and certain metallic salts, form- 
ing crystalline compounds. Creatinin acts as a reducing 
agent, reducing Fehling's and Trommer's solutions; also 
reducing mercuric oxide to metallic mercury, and yielding 
oxalic acid and methyl guanidin. 

Xanthin Bases. 

Xanthin, C,H,¥,0,. 

Htpoxanthin, C^H^N^O. 
Adbnin, CjH^Nj. 

GuANiN, O.H.N.O. 

Preparation. — 250 grms. finely chopped beef liver is placed 
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in a large flask, provided with a glass stopper, and treated 
with 2.5 litres chloroform water (2.5 litres tap water with 
12.5 c.c. chloroform, and shaken until the latter is dissolved); 
add 2.5 c.c. chloroform, and place this mixture in an incu- 
bator and allow to digest at 40° C. for two to three days, con- 
tinually shaking. After digestion transfer to a large dish 
and heat to boiling, and continue boiling after acidifying with 
acetic acid until the albumin is precipitated. Now filter, and 
evaporate the filtrate to 800-1000 c.c. Make alkaline with 
ammonia, filter off the precipitate formed, and completely 
precipitate with a 3^ silver-nitrate solution. The gelatinous 
precipitate formed consists of the silver combination of the 
xanthin bases. Care must be taken not to have a silver- 
chloride precipitate form, otherwise more ammonia must be 
added. Filter off the precipitate, wash well, place the pre- 
cipitate in a flask while still moist, and dissolve by the aid of 
heat in nitric acid of sp. gr. 1.1 (equal volumes nitric acid 
and water), adding a little urea to prevent the formation of 
nitrous acid. The solution should be nearly clear. Filter 
while hot and allow to stand for 24 hours. A precipitate of 
guanin, adenin, and hypoxanthin silver nitrate will have 
formed, while xanthin silver nitrate remains in solution. 
Filter and wash with dilute nitric acid. 

Add ammonia to the filtrate until alkaline, when a precipi- 
tate of xanthin silver nitrate will form as a brownish or red- 
dish fiocculent precipitate. Filter, wash, suspend in water 
with a few drops ammonia; heat, add a few drops ammonium 
sulphide, stir, filter off the silver sulphide, and evaporate the 
filtrate, when xanthin will be obtained. (The silver com- 
pound may also be decomposed by HCl, but then on evapo- 
ration xanthin hydrochloride is produced.) The xanthin 
obtained as above is never quite pure. 

The residue of hypoxanthin, guanin, and adenin silver 
compounds is suspended in water and decomposed with a 
current of H,S, filtered, and the filtrate evaporated to a 



HANDBOOK FOR BIO-CHEMICAL LABOKATOBT. 57 

small volume. This is made alkaline with ammonia and 
allowed to stand, when a deposit of guanin will occur, while 
the hypoxanthin and adenin (besides ammonium nitrate) 
remain in solution. Filter off the guanin and wash with 
water. The filtrate is evaporated to dryness on the water- 
bath and the residue extracted with small amounts of water 
to remove the ammonium nitrate, leaving the insoluble hypo- 
xanthin and adenin. 

Properties. — Xanthin is amorphous, or forms masses of 
crystalline leaves. It is soluble with difficulty in water (in 
14,151 to 14,600 parts water at + 16° C. and in 1300 to 
1500 parts at 100° C). It is insoluble in alcohol or ether, 
but is dissolved by alkalies or acids. Xanthin forms a crys- 
talline, difficultly soluble combination with HCl. With very 
little caustic soda, xanthin gives a crystalline combination 
which is readily soluble in more alkali. When dissolved in 
ammonia, xanthin gives a gelatinous precipitate of xanthin 
silver, with silver nitrate. This body is soluble in nitric acid. 
A watery solution of xanthin is precipitated on boiling with 
copper acetate. Xanthin is precipitated at the ordinary tem- 
peratures by mercuric chloride and also by ammoniacal basic 
lead acetate. 

Hypoxanthin occurs as colorless, crystalline needles, which 
are soluble in 300 parts cold and 78 parts boiling water. It 
is nearly insoluble in alcohol, but is soluble in acids or alkalies. 
The combination with HCl is crystalline, but is more soluble 
than the corresponding combination with xanthin. The 
silver combination with hypoxanthin dissolves with great 
difficulty in boiling nitric acid. Hypoxanthin picrate is diffi- 
cultly soluble, but if a boiling solution is treated with a neu- 
tral or faintly acid solution of silver nitrate, the hypo- 
xanthin is quantitatively precipitated as a combination, hav- 
ing the formula C,H3AgN,0.0,H,(]SrOj30H. 

Adenin crystallizes with 3 mol. water of crystallization in 
long needles, which become opalescent when heated or ex- 
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posed to the air. When the crystals are slowly heated with 
insufficient water from a solution they become suddenly opa- 
lescent at + 53° C. It is soluble in 1086 parts cold water, 
and much more readily soluble in hot water. Adenin is 
insoluble in ether, but somewhat soluble in hot alcohol. It is 
readily soluble in acids or alkalies. It is more soluble in 
ammonia than guanin, but less soluble than hypoxanthin. 
The silver combination of adenin is difficultly soluble in 
warm nitric acid, and deposits crystals of adenin silver nitrate 
on cooling. It also gives a combination with picric acid 
which is soluble with difficulty. 

Guanin forms an amorphous, colorless powder, but crystal- 
lizes in very small crystals from a solution in concentrated 
ammonia if allowed to spontaneously evaporate. It is insolu- 
ble in water, alcohol, or ether, readily soluble in mineral 
acids or alkalies, but with difficulty in ammonia. The HCl 
salt of guanin crystallizes readily, and on account of its action 
on polarized light may be made use of in the identification 
of guauiu. Picric or metaphosphoric acids precipitate even 
very dilute solutions of guanin. The silver combination is 
very difficultly soluble in boiling nitric acid, and deposits 
crystals on cooling. 

Urobilin. 

Preparation. — 1. Several litres of urine are acidified with 
HjSO,, using 2 grms. for every litre; then saturated with 
ammonium sulphate, filtered, and washed with a saturated so- 
lution of ammonium sulphate faintly acidified with sulphuric 
acid. The residue of urobilin is dissolved in alcohol, which 
requires some time. The filtered alcoholic solution is mixed 
with chloroform and a volume of water equal to the alcoholic 
solution, well shaken together, and allowed to stand until the 
chloroform has settled. The chloroform is removed by means 
of a separatory funnel, and washed with twice its volume of 
water. The clear chloroform solution is now filtered through 
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a dry filter into a distilling flask and the ohloroform distilled 
off. The residue in the flask is washed with ether, which 
only dissolves very little of the urobilin. This residue is 
again dissolved in chloroform, filtered, and allowed to evapo- 
late at a very moderate temperature. (MSJiu.) 

2. Precipitate the urine with basic lead acetate, wash the 
precipitate with water, dry at the ordinary temperature, and 
then boil it with alcohol, acidified with sulphuric acid. The 
filtered alcoholic solution is diluted with water, now satu- 
rated with ammonia, and then treated with a zinc-chloride 
solution. This new precipitate is washed free from chlorine 
with water, boiled with alcohol, dried, dissolved in ammonia, 
and this solution precipitated with sugar of lead. This pre- 
cipitate, which is washed with water and boiled with alcohol, is 
decomposed by alcohol containing sulphuric acid; the filtered 
alcoholic solution is mixed with -J vol. chloroform, diluted 
with water and shaken repeatedly, but not too energetically. 
The urobilin is taken up by the chloroform. This last is washed 
once or twice with a little water and then filtered, leaving the 
urobilin on evaporation of the chloroform. It may be further 
purified by treating with ether. 

3. The urine is treated with ammonia in not too great ex- 
cess, filtered, and the filtrate precipitated with a concentrated 
watery or alcoholic solution of zinc chloride. If the filtrate 
from this precipitate is still deeply colored, precipitate 
by adding more ammonia and filtering. The voluminous, 
generally red or reddish-brown precipitate is washed free 
from chlorine by first using cold and then hot water, now 
boiling with alcohol, and drying at a low temperature. The 
mass is powdered and dissolved in ammonia, leaving a small 
residue, and this ammoniacal solution is precipitated with 
sugar of lead, and the red precipitate filtered off and washed 
with water until the coloring matter commences to go into 
solution. The precipitate is now digested with alcohol acidi- 
fied with sulphuric acid, filtered, and the filtrate repeatedly 
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shaken with its J vol. chloroform and considerable water. The 
chloroform is separated and washed once or twice with water 
and the chloroform now distilled off. The residue, consisting 
of impure urobilin, is washed with ether, which removes 
considerable quantities of a red coloring matter, and leaves 
the urobilin as brown amorphous masses. 

Properties. — Urobilin, according to Jaffe, is amorphous, red, 
dingy red or reddish yellow, according to the method of prep- 
aration. It is readily soluble in alcohol, amyl alcohol, acetic 
ether, and chloroform, but less readily in ether or water. It 
is soluble in alkalies, and is incompletely precipitated from 
the alkaline solution by the addition of acid. Its alkaline 
solutions give insoluble combinations with salts of the heavy 
metals, such as zinc and lead. A neutral solution of urobilin 
gives a green fluorescence, and the acid solution shows a faint 
absorption-band between h and jF, which borders on F, or in 
greater concentration extends over F. The alkaline solutions 
show a darker or more sharply defined absorption-band, almost 
midway between b and F. 

Glycuronic Acid, 

Preparation. — Puree or Indian yellow is rubbed fine with 
water in a mortar, forming a thick mass. This is acidified 
with hydrochloric acid, filtered, and thoroughly washed with 
water. The euxanthic acid thus obtained is dissolved in hot 
alcohol, filtered, and allowed to stand to crystallize as beautiful 
yellow needles. This crystallization is repeated again bo as to 
obtain pure euxanthic acid. One part of the euxanthic acid 
is treated with 150 parts water and heated, in a Papin's di- 
gester supplied with a thermometer, first to boiling, allowing 
the cover of the digester to be open. After closing the cover 
heat for an hour, keeping the temperature at 120°-125° C. 
On cooling the liquid is filtered, leaving the crystals of unde- 
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composed enxanthic acid and euxanthon on the filter. These 
are again treated with water as above. The filtrate is evapo- 
rated in a flat dish, care being taken not to have too high a 
temperature. When at a syrupy consistency it is allowed to 
stand, when crystals of glycuronic acid anhydride are obtained. 
(Thierf elder.) 

Properties. — Glycuronic acid is not crystalline, but is ob- 
tained only as a syrup. It dissolves in alcohol, and is easily 
soluble in water. It forms crystalline salts with potassium 
and sodium. The neutral lead salt is soluble in water, but 
the basic salt is, on the contrary, insoluble. The acid is dex- 
tro-rotatory {a)D — -\- 19.4, and reduces alkaline solutions of 
copper, silver, and bismuth salts. It gives a crystalline com- 
bination with phenyl hydrazine, melting at 114°-115° C. 
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Acetone. See Chautard, Gunning, Lieben, Legal, Le 
Nobel, Malerha, Penzoldt, Reynolds. 

AcBTO-ACETic AciD. See Gerhardt. 

Adamkiewicz's Eeactiou {Proteids). — Add the proteid to 
a mixture of 1 vol. conceutrated sulphuric acid and 2 vols, 
glacial acetic acid. A reddish-violet color is obtained slowly 
at the ordinary temperature, but more quickly on heating. 
The liquid has also a feeble fluorescence, and gives an ab- 
sorption band between the lines b and F in the solar spec- 
trum. 

Albumin". See Axenfeld, Boedeker, Cohen, Fitrhringer, 
Heller, Heyiisiux, Hindenlang, Johnson, McWilliam, Mehu, 
Oliver, Pavy, Reach, Roberts, Rees, Raabe, Spiegler, Tanrei, 
Zouchlos. 

Allen's Test {Phenol). — Add to one to two drops of the 
liquid to be tested a few drops of hydrochloric acid and then 
1 drop of nitric acid. Cherry-red color is produced, which 
is intensified by gentle warming. Alcohol does not interfere 
with the reaction. On supersaturating with cftugtic soda the 
red liquid becomes dark brown, 
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Almen's Reaction {Blood). — Mix in a test-tube equal vol- 
umes of tincture of guaiacum and old turpentine which has 
become strongly ozonized by the action of air under the in- 
fluence of light. Allow the liquid to be tested to flow down 
gently on the surface of this mixture. If blood or blood- 
coloring matters are present, a bluish-green and then a beau- 
tiful blue ring appears where the two liquids come together, 
and if shaken the liquid becomes more or less blue. Pus 
gives a blue color with this mixture, but in this case the tinct- 
ure of guaiacum alone, without turpentine, is colored blue. 

Almen's Test {Glucose). — Heat liquid with a solution of 
bismuth subnitrate dissolved in caustic soda and Eochelle 
salts. If glucose is present, the liquid becomes dark, 
cloudy, dark brown, or nearly black, and uon-transparent. 
After a time a black deposit appears. 

Andreasch's Eeaction {Cy. stein). — Treat the hydrochloric 
acid solution with a few drops dilute ferric chloride solution 
and then ammonia. The liquid will become beautifully red, 
darkening on shaking with air. 

Axenfeld's Test {Albumin in Urine). — Acidify with formic 
acid and add, drop by drop, a 0.1 per cent gold chloride solu- 
tion and warm. The solution becomes first red, then purple 
red, and, on the further addition of gold chloride, blue, and 
lastly, a blue precipitate is produced. The red coloration is 
characteristic of albumin, while the blue and violet may be 
produced by other bodies, such as glucose, glycogen, starch, 
leucin, tyrosin, uric acid, urea, creatinin, etc. 

Baeyer's Eeaction {Glucose).~On boiling a glucose solu- 
tion with ortho-nitrophenyl propiolic acid and sodium carbo- 
nate indigo is formed. With an excels of glucose tlijs blue 
is converted into indigo wjiite, 
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Baeyer's Eeaction (IndoT). — A watery solution of indol 
gives with fumiBg nitric acid a red liquid and then a red 
precipitate of nitroso-indol nitrate, 0,„H„(N0)TSf„HN03. It 
is better to first add two or three drops of nitric acid and 
then a 2^ solution of potassium nitrite, drop by drop. (&Z- 
koivsM.) 

Barfoed's Keagent (Dextrose). — Dissolve 1 part copper ace- 
tate in 15 parts water; to 200 c.c. of this solution add 5 c.c. 
of acetic acid containing 38 per cent of glacial acetic acid. 
On heating this reagent with a dextrose solution a reduction 
of copper suboxide is produced, but not when heated with 
lactose or maltose. 

Baumann's Eeaction (Dextrose). — If a watery solution of 
grape sugar is treated with benzoyl chloride and an excess of 
caustic soda, and shaken until the odor of benzoyl chloride 
has disappeared, a precipitate of benzoic acid ester of dextrose 
will be produced, which is insoluble in water or alkalies. 

Baumank" and Goldman's Test (Gystin). — Sliakethe solu- 
tion of cystin in caustic soda with benzoyl-chloride; a volumi- 
nous precipitate of benzoyl cystin is produced. The sodium 
salt precipitates as silky plates, which are readily soluble in 
water, but nearly insoluble in an excess of caustic soda. 

Berthelot's Test (Phenol). — On adding sodium hypo- 
chlorite to an ammoniacal solution of phenol a beautiful blue 
coloration is produced. 

Bile Acids. See Drechsel, Mylius, Pettenkofer, Strasshurg, 
Udransky. 

Bile Pigments. See Capranica, Dragendorff, Dumontpal- 
lier, Fleischl, Gmelin, Huppert, Jolles, Le Nolel, Mareclial, 
Bosenbach, Stohvis, iSwUIi, Tiwsseau, JJUamann, Vitalli, 
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Bilirubin. See Ehrlich. 

Biuret Keaction (Proteids). See Piotrowski's Reaction. 

Biuret Reaction ( Urea). — Heat urea in a dry test tube until 
completely molten ; continue the heat for some time. When 
cold, dissolve in water, add abundant caustic soda and a dilute 
solution of copper sulphate, drop by drop. The solution be- 
comes first pink, then reddish violet, and lastly bluish violet, 
the more copper sulphate solution is added. 

Blood. See Almen, Hoppe-Seyler, Hayem, Kolert, Laden- 
dor ff, Pacini, Rubner, Sallcowski, Struve, Wetzel, v. ZalesM. 

Boas's Test {HCl in Contents of Stomach). — Dissolve 5 
grms. pure resorcin and 5 grms. white sugar in 100 grms. di- 
lute alcohol. A few drops of this reagent are spread out in a 
thin layer upon a porcelain dish, and then gently heated. On 
allowing a drop of the filtrate from the stomach to flow across 
it, or a glass rod dipped in the solution touched to it, a deep 
scarlet streak is developed. If the solution is very dilute, no 
change is observed until the solution evaporates entirely to 
dryness. 

Boedeker's Reaction (Albumin). — Acidify the liquid with 
acetic acid and add a solution of potassium ferrocyanide, drop 
by drop. White precipitate of albumin will be formed. 

Bottgek's Test {Dextrose). — Make the liquid alkaline with 
carbonate of soda or potash, add some solid bismuth subni- 
trate and boil. The presence of dextrose is shown by the 
darkening of the bismuth salt or a black precipitate. 

Braun's Reaction [Glucose). — Warm the glucose solution 
with caustic soda or potash until it is yellow ; now drop into 
this a dilute solution of picric acid, and beat to boiling. A 
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deep red coloration will be the result. Creatinin gives this 
same reaction even in the cold, also acetone, though faintly. 

Brucke's Reagent {Proteids). — Saturate a boiling 10 per 
cent solution of potassium iodide with freshly precipitated 
mercuric iodide; on cooling this is filtered, and the filtrate 
employed with hydrochloric acid as a precipitant for the pro- 
teids. 

Capranica's Eeactions (Ouanin). — 1. A warm solution of 
guanin hydrochloride with a cold saturated solution of picric 
acid gives a yellow precipitate, consisting of silky needles. 

2. With a concentrated solution of potassium chromate 
guanin solutions give an orange-red crystalline precipitate, 
very insoluble in water. 

3. On the addition of a concentrated solution of potassium 
ferricyanide to a guanin solution a prismatic, yellowish-brown 
precipitate is formed. 

Capbaitica's Reaction {Bile Pigments). — Shake the solution 
with chloroform containing some bromine ; it becomes first 
green, indigo blue, violet, yellowish red, and lastly colorless. 
If the green or blue solution is shaken with HCl, the color is 
taken up by the acid. 

Cellulose. See ScTiulze, Schweitzer. 

Chautaed's Test [Acetone). — Pass sulphurous acid through 
a solution of 0.25 grms. f uchsin in 500 c.c. water until the 
solution is yellow in color. Add to a portion of this the liquid 
to be tested for acetone. If present, the liquid will be colored 
violet. 

Cholesterin. See Liebermanti, and Burchard, Ohermul- 
ler, Salhowski, Schiff, Schulze, Zwenger. 
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Cholesterin. — 1. The crystal is treated with a mixture of 5 
parts sulphuric acid and 1 part water, when colored rings are 
produced, first a bright carmine red and then violet. 

2. On the addition of a little iodine solution to the above 
the crystals will be colored variously — blue, red, green, violet. 

3. If a trace of cholesterin is gradually heated to dryness 
with a few drops of nitric acid, a yellow spot is produced, 
which turns red on the addition of ammonia. This red 
color is not changed by the addition of caustic soda, thus dif- 
fering from the murexid test for uric acid. 

CiAMiciAN and Magkanini's Test {Skatol). — On warming 
skatol with sulphuric acid a beautiful purple-red coloration is 
produced. 

Cohen's Test {Albumin). — Add a solution of potassium 
iodide and potassium bismuthic iodide to the acid solution of 
albumin. Precipitation of the albumin occurs. Alkaloids 
are also precipitated. 

Creatinin. See Jaffe, Eerner, v. Maschke, SalTcoiosM, 
Weyl. 

Crismer's Test (Glucose). — A solution of 1 part safranine 
in 1000 parts water is decolorized or yields a pale yellow color 
when heated to boiling with an alkaline solution of glucose. 
Safranine solution is not decolorized when heated in alkaline 
solution with uric acid, creatin, or creatinin. 

Ctstein. See Andreasch. 

Ctstin. See Baumann and Ooldmann, Liebig, Miiller. 

Davy's Test {Phenol).— M& 3-4 drops molybdic-sulpliuric 
acid (a solution of 1 part molybdic acid in 10 or more parts 
cone, sulphuric acid) to 1-3 drops of the phenol solution. A 
pale yellow or yellowish-brown coloration is the result, which 
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passes to a chestnut or reddisli brown and then to a beautiful 
purple. Gentle heat facilitates the reaction. 

Deniges's Test [Uric Acid). — If uric acid is converted into 
alloxan by the careful action of nitric acid, and the excess of 
nitric acid expelled by gentle warming and then treated with 
a few drops sulphuric acid and also a few drops commercial 
benzol (containing thiophen),ablue coloration is produced. 

Dextrose. See Glucose. 

Dietrich's Eeaction {Uric Acid). — Add a solution of 
sodium hypochlorite or hypobromite to the uric acid solu- 
tion, -when a red coloration is produced. This coloration 
disappears on adding caustic alkali. 

Donne's Test (Pus). — Stir a small piece of caustic potash 
with the mass to be tested. If pus is present, the mass is con- 
verted into a slimy tough material. 

Dragendorff's Test {B.ile Pigments).^F\&ce a iew drops 
of the urine on an unglazed porcelain surface and when it has 
been absorbed add a drop or two of nitric acid. Several 
rings of color will be produced if bile is present, chief 
amongst these rings being the green ring, which is char- 
acteristic of bile pigments. 

Deechsel's Test {Bile Acids). — Treat the substance with a 
little cane sugar and a few drops of a mixture of 5 vols, 
syrupy phosphoric acid and 1 vol. water. Warm on water- 
bath, when a beautiful red coloration is produced if bile acids 
are present. 

Dumontpallier's Test {Bile Pigments). See Smith's Test. 

Eijkman's Test {Phenol). — Mix the phenol solution with a 
few drops of an alcoholic solution of nitrous acid ethyl ether 
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aud an equal volume concentrated sulphuric acid. A red 
coloration is the result. 

Eiselt's Keaction {Melanin in Urine). — Urine containing 
melanin becomes dark-colored with oxidizing reagents, such 
as concentrated nitric acid, potassium dichromate, and sulphu- 
ric acid, as well as with free sulphuric acid. 

Ehelich's Eeaction {Bilirubin). — To a solution of biliru- 
bin in chloroform add an equal volume or twice its volume of 
a solution of sulpho-diazobenzol (1 grm. sulphanilic acid, 15 
c.c. of hydrochloric acid, and 0.1 grm. sodium nitrite, diluted 
to 1 litre with water). Then add as much alcohol as is 
needed to render the solution clear. The liquid, which is of 
a yellow color at first, assumes a beautiful red tint. On add- 
ing HCl, drop by drop, the color changes first to violet and 
then to an intense blue. On now carefully pouring into the 
test-tube a solution of potassium or sodium hydrate three 
zones of color are visible: near the alkaline solution, where 
the reaction begins, the color is green; at the surface, where 
the reaction is still acid, the original blue tint persists; 
whilst intermediate betweent hese two zones is a red, neutral 
zone. 

Ewald's Test {Hydrochloric Acid in contents of stomach). 
— Dilute 2 c.c. of a 10^ solution of potassium sulpho- cyanide 
and 0.5 c.c. of a neutral solution of iron acetate to 10 c.c. 
with water. Place a few drops of this ruby-red solution in a 
porcelain dish and allow 1-2 drops of the liquid to be tested 
to flow gently thereon. In the presence of HOI a faint violet 
cloud is observed where the two liquids come in contact with 
each other. On mixing the color becomes mahogany brown. 
Peptones or salts do not interfere with this reaction. 

Pehling's Eeagent {Glucose). — 1. Dissolve 34.65 grammes 
pure copper sulphate in 1000 c.c. water. 
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2. Dissolve 173 grammes Rochelle salts iu 350 c.c. water, 
adding 600 c.c. of a caustic soda solution of a specific gravity 
of 1.12, and dilute to 1000 c.c. with water. For use mix equal 
parts of the above solutions and dilute with an equal volume 
of water. 
Fehling's Solution. 

10 C.c. = 0.0500 gramme dextrose, Isevulose, or invert sugar. 

10 C.c. = 0.0475 gramme cane-sugar (after inversion). 

10 c.c. = 0.07143 gramme milk-sugar (lactose). 

10 c.c. = 0.0807 gramme malt-sugar (maltose). 

Flbischl's Eeaction {Bile Pigments). — Treat the urine 
with a concentrated solution of sodium nitrate and add con- 
centrated sulphuric acid by means of a pipette. This latter 
sinks to the bottom of the test-tube and produces the colora- 
tion, as in Omelin's test. 

Feohdb's Eeaction {Proteids).— On heating a solid proteid 
with sulphuric acid containing molybdic acid a beautiful dark 
blue color is produced. 

Fbohn's Reagent. — Treat 1.5 grammes freshly precipitated 
bismuth subnitrate with 20 c.c. water, heat to boiling, and 
then add 7 grammes potassium iodide and 10 c.c. hydrochloric 
acid. 

Fuebeingbe's Reagent {Albumin). — Gelatin capsules con- 
taining the double salt of mercuric chloride and sodium chlo- 
ride with citric acid. 

FuEFUEOL Reaction {Proteids). — On heating proteids with 
sulphuric acid furfurol is produced, which may be detected 
by various means (see Molisch, Schultze.) 

Gallois's Test {Inosit).- — Evaporate the inosit solution to 
incipient dryness and moisten the residue with a little mer- 
curic nitrate solution, when a yellowish residue is obtained on 
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drying. This yellow color becomes beautifully red on strongly 
heating, but disappears on cooling, but reappears on gently 
heating again. 

Gentele's Test {Glucose).—U a glucose solution is added 
to a solution of potassium ferricyanide made alkaline with 
caustic soda or potash, it is decolorized with the formation of 
potassium ferrocyanide on gently warming. Uric acid also 
gives this same reaction even in the cold. 

Gerhakut's Reaction {Aceto-acetic Acid). — Aceto-acetic 
acid gives a wine-red coloration with a dilute, not too acid, 
ferric chloride solution. In testing urine treat 1-15 c.c. with 
ferric chloride as long as it gives a precipitate, filter the pre- 
cipitate of ferric phosphate, and add some more ferric chloride 
to the filtrate. In the presence of the acid a claret-red color 
is produced. The urine may also be acidified with sulphuric 
acid and shaken with ether (which takes up the acid). Now 
shake the removed ether with a very dilute watery solution of 
ferric chloride and the watery layer becomes violet red or 
claret red. The color disappears on warming. 

Geehardt's Test {Urobilin). — Extract the urobilin from the 
solution by shaking with chloroform. Treat this chloroform 
extract with iodine solution and then a solution of caustic 
potash, when a beautiful green fluorescence is the result. 

Gerhard's Test (Glucose). — Add a 6^ solution of potassium 
cyanide to Fehling's solution until the blue color just begins 
to disappear. On heating this solution to boiling with a glu- 
cose solution no precipitation of cuprous oxide is produced, 
but the solution will be decolorized more or less. 

Globulin. See Hammarsten, Pohl. 

Glucose. See Almin, Barfoed, Bottger, Baumann, Baeyer, 
Braun, Orismer, FehUiig, Gentele, Gerrard, Haines, v. 
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Jahscli, Knapp, Lowenthal, Moore, Molisch, Mulder, Nylan- 
der, Penzoldt, Pavy, Roberts, Rubner, Soldani, ScMff, Tram- 
mer, Wenders. 

Gmelin's Test {Bile Pigments). — If nitric acid containing 
some nitrous acid is carefully poured beneath a solution con- 
taining bile pigments, a series of colored layers are obtained at 
the Juncture of the two liquids in the following order from 
above downwards : green, blue, violet, red, and reddish yel- 
low. The green ring must never be absent, and also the 
reddish violet must be present at the same time, otherwise 
the reaction may be confused with that for lutein, which gives 
a blue or greenish ring. The nitric acid must not contain too 
much nitrous acid, for then the reaction takes place too 
rapidly and does not become typical. Alcohol must not be 
present, because it gives a play of colors with the acid. 

Griess's Eeagent {Nitrous Acid). — A solution of metadiam- 
ido-benzol (melting at 63° 0.) gives an intense yellow colora- 
tion with dilute solutions containing nitrous acid which have 
been acidified with a few drops sulphuric acid. 

Grigg's Test {Proteids). — A solution of meta-phosphoric 
acid gives a precipitate with all proteids with the exception 
of the peptones. 

GxTANiN'. See Capranica. 

Gunning's Test {Acetone). — Add an alcoholic solution of 
iodine to the liquid to be tested and then ammonia. On 
standing a precipitate of iodoform and a black precipitate 
of iodide of nitrogen is formed, but this latter gradually dis- 
appears on standing, leaving the iodoform visible. 

Gunzburg's Eeagent {Hydrochloric Acid). — Dissolve 2 
grms. phloroglucin and 1 grm. vanillin in 100 c.c. alcohol. 
In testing for the presence of free HCl add an equal amount of 
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the above reagent to the liquid to be tested in a porcelain dish 
and evaporate the mixture on the water-bath. In the pres- 
ence of HCl a delicate rose-red coloration is observed in the 
residue in the porcelain dish. 

HiEMiN. See Teiclimann. 

H^MOGLOBiiir. See Eohert. 

Haines's Solution {Glucose). — Dissolve 30 grains pure cop- 
per sulphate in ^ ounce distilled water and add ^ ounce pure 
glycerin, mix thoroughly and add 5 ounces liquor of potassee. 

Hammaesten's Test (Globulin). — Add powdered magne- 
sium sulphate to the neutral solution until no more of the 
salt dissolves. The globulin will be thus precipitated and 
separated by filtration and washed with a saturated solution 
of magnesium sulphate. 

Hatem's Solution (Blood).— This solution is prepared by 
dissolving 1 grm. sodium chloride, 5 grms. sodium, sulphate, 
0.5 grm. mercuric chloride, in 200 c.c. distilled water. It is 
used in the microscopical examination of the form elements 
of the blood. 

Heller's Test (Albumin). — Float the liquid to be tested 
on the surface of nitric acid. The presence of albumin is 
shown by a well-defined white ring between the two liquids. 
"With this test even 0.02 p.m. albumin may be detected with- 
out difiBculty. 

IIbezberg's Eeagent (Free Inorganic Acids). — Paper 
moistened with a solution of Congo red and dried turns bluish 
black or blue when moistened with hydrochloric acid. The 
delicacy of this reaction is diminished by the presence of pro- 
teids or salts in large quantities. 
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Hbynsius's Test (^Z6Mmm).— Strongly acidify the solution 
with acetic acid and add a few cubic centimetres of a satu- 
rated solution of sodium chloride and boil. In the presence 
of albumin a flocculent precipitate is produced. 

HiNDBNLANG's Test {Albumin).— Add solid meta-phos- 
phoric acid to the liquid to be tested, when a cloudiness or 
precipitate is formed if albumin is present. 

HiPPURic Acid. See Liicke. 

Hofmann's Test (Tyrosin).— Add a few drops Millon's 
reagent to the solution to be tested and boil for a time. In 
the presence of tyrosin the liquid becomes a beautiful red and 
then yields a red precipitate. The test may also be applied 
by first adding mercuric nitrate and boiling, and after this 
adding nitric acid containing some nitrous acid. 

Hofmbistek's Test (Pejjtones). — A solution entirely free 
from albumin gives a precipitate with an acetic acid solution 
of phospho-tungstic acid. The phospho-tuugstic acid may 
be prepared by dissolving commercial sodium tungstate in 
hot water and adding phosphoric acid until acid in reaction. 
This liquid is strongly acidified with hydrochloric acid after 
cooling and filtered after 24 hours. 

Hofmeister's Test (Leuciu). — On warming a solution of 
leucin with mercurous nitrate a deposit of metallic mercury is 
formed. 

HopPE SETLEE'sTest {Carbon Monoxide in Blood.) — Treat 
the blood with double its volume of caustic soda solution of 
1.3 sp. gr. Ordinary blood is converted into a dingy brown- 
ish mass, which when spread out on porcelain is brown, with 
a shade of green. Carbon monoxide blood gives under tlie 
same conditions a red mass, which if spread out on porcelain 
shows a Ijeantiful red color.. 
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HoppE Seyler's Test {Xanthin). — Add some chloride of 
lime to some caustic soda in a porcelain dish and add the 
xanthin to this mixture; at first a dark green and then quick- 
ly a brownish halo forms around the xanthin-grains and then 
disaiipears. 

Huppert's Eeaction {Bile PigmenU). — Treat the solution 
with milk of lime or with a solution of calcium chloride and 
then precipitate with ammonia. This precipitate, containing 
bilirubin calcium, is filtered, washed with water, transferred 
while moist to a test-tube and treated with alcohol which has 
been acidified with sulphuric acid, and heated to boiling for 
some time, when the liquid becomes emerald green or bluish 
green in color. 

Hydrochloric Acid in Contents of Stomach. See Boas, 
Etvalcl, Gunzburg, Herzberg, v. Jakscli, Mohr, Maly, Rahu- 
teau. Reach, Sznbo, Uffelmann, v. Velden, Witz. 

Hydrogen Peroxide. See Wiorder. 

Hypoxanthin. See Eossel. 

Indican. SeeJaffe, MacMunii, Obermeyer, Weber. 

Indigo Eed. See Rosenhach, Rosin. 

Indol. See Baeyer, Nencki, Salkotvski. 

Inosit. See Gallois, Scherer, Seidel. 

Jacquemin's Test {Phenol). — Treat the solution with an 
equal volume of anilin and tlien a solution of sodium hypo- 
chlorite, when a blue coloration is the result. Acids turn the 
liquid red and alkalies turn it blue again. 

Jaffe's Test {Indican). — Treat 20 c.c. of the solution to be 
testecl with an equal volume of hydrochloric acid and add, by 
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means of a pipette, small amounts of a concentrated solution 
of chloride of lime or -J per cent potassium permanganate 
solution, drop by drop, and after each drop shake the mixture. 
In the presence of indican the mixture turns blue, due to the 
production of indigo blue. An excess of oxidizing reagent, 
especially chloride of lime, interferes with the reaction, and 
must therefore be avoided. If 2-3 c.c. of chloroform are 
shaken with the blue solution, it will be colored blue by the 
indigo blue formed. 

Jaffe's Reaction {Creatinin). — Treat the solution with a 
rather concentrated watery solution of picric acid and a few 
drops of caustic potash solution. In the presence of creatinin 
a red coloration, lasting several hours, is produced on warm- 
ing. This color changes to yellow on the addition of acid. 
Aceton and glucose give a similar reaction. 

T. Jaksch's Test {Glucose). — Add in a test-tube containing 
8-10 c.c. of the solution to be tested two knife-points of 
phenyl hydrazin hydrochloride and three knife-points of 
sodium acetate, and when the added salts do not dissolve on 
warming, add more water. The mixture is heated in boiling 
water for one hour. It is then poured into a beaker-glass of 
cold water. In the presence of glucose a precipitate consist- 
ing of groups of yellow needles of phenyl glucosazone is 
formed. In doubtful cases determine the melting-point of 
these yellow crystals to be 204-205° 0. 

V. Jaksch's Test [Melanin). — Add a few drops of a concen- 
trated solution of ferric chloride to the liquid to be tested. In 
the presence of melanin it turns gray, and on the addition 
of more ferric chloride the precipitate, consisting of the color- 
ing matter and the phosphates, is redissolved. 

v. Jaksch's Test {IIGl in Contents of Stomach). — Paper moist- 
ened with a satura.ted, watery solutJQn of benzo-purpuriu 6 B^ 
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and dried gives with dilute solutions of HCl a beautiful 
violet coloration. If the paper becomes dark blue, the solu- 
tion contains more than 0.4 grm. HCl in 100 c.c. of the 
solution. 

V. JAKSCH'sTest {Uric Acid).— This consists in substituting 
chlorine or bromine water or nitrous acid for the nitric acid 
in the murexid test (see Murexid Test.) This reaction differ- 
entiates between uric acid and the xanthin bases. 

Johnson's Test (Albumin). — Float the acidified solution 
on a cold saturated solution of picric acid. If albumin is 
present, a precipitation of the albumin occursbetweenthetwo 
liquids. 

JoLLEs's Test {Bile Figments in Urine). — Place 50 c.c. of 
the urine in a stopper cylinder, add a few drops of 10^ hydro- 
chloric acid and an excess of a barium chloride solution with 
5 c.c. clilorofoi-m, and shake for several minutes. After 10 
minutes remove the chloroform and the precipitate by means 
of a pipette and place in a test-tube and heat on the water- 
bath to about 80° C. After tlie evaporation of the chloro- 
form decant the liquid from the precipitate carefully and 
allow 3 drops concentrated sulphuric acid containing^ fuming 
nitric acid to flow down the sides of the test-tube. In the 
presence of bile pigments the characteristic coloration is pro- 
duced. 

Kerner's Eeaction {Creatinin). — A solution of creatinin 
acidified with a mineral acid gives a crystalline precipitate 
with phospho-tungstic or phospho-molybdic acids, even in 
very dilute solutions. 

Knapp's Solution (Glucose). — Dissolve 10 grms. chemically 
pure dry mercuric cyanide in 100 c.c. caustic soda solution 
pi a epecific gravity of 1.145 and dilute to 1 litre. Oa heating 
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a glucose solution with the above solution diluted with water 
a reduction of metallic mercury takes place. Ten c.c. of this 
solution are reduced by 0.035 grm. glucose. 

Kobbrt's Test {Hcemoglobin). — Shake the solution with 
zinc powder or treat with a solution of zinc sulphate or acetate, 
when a precipitate of zinc haemoglobin is formed. This pre- 
cipitate when collected is colored red by alkalies. 

Kossel's Test {Eypoxantldn). — Treat the solution with 
zinc and hydrochloric acid and then make alkaline with 
caustic soda or potash. In the presence of hypoxanthin the 
solution becomes first ruby red and then brownish red in 
color. 

Lactic Acid. See Uffelmann. 

Ladendorff's Test {Blood). — Treat the liquid with tinct- 
ure of guaiacum and then with oil of eucalyptus, when the 
lower layer becomes blue and the upper layer violet if blood 
is present. 

Landolt's Test {Phenol). — On treating the solution with 
bromine water a white crystalline precipitate of tribrora- 
phenol (0,Hj,Br3,OH) is produced. 

Lang's Ecaction {Taurin). — On boiling a solution of 
taurin with freshly precipitated mercuric oxide a white com- 
bination occurs which appears as a precipitate. 

Lbgal's Test {Acetone). — Treat the acetone solution with a 
few drops of a freshly prepared solution of sodium nitro- 
prusside and then with caustic potash or soda solution. The 
solution becomes ruby red in color, but if saturated with 
acetic acid the color becomes carmine or purplish red. 
Creatinin gives the ruby-red color, with sodium nitro-prusside 
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and alkali, but this turns yellow, and. then gradually green 
and blue, when saturated with acetic acid. Ammonia may 
be substituted for the caustic soda or potash and gives the 
same reaction with acetone, but no reaction with creatinin. 

Le Nobel's Modification of Legal's Test (Acetone). — 
Instead of using caustic potash or soda with the sodium nitro- 
prusside he suggests the use of ammonia, which produces a 
ruby-red reaction with acetone, but not with creatinin. (See 
Legal' s Test.) 

Le Nobel's Test [Bile Pigments).— TxB&i the liquid with 
zinc chloride and a few drops of tincture of iodine. A di- 
chroitic play of colors is the result. 

Leucih". See Hoffmeister, Scherer. 

Liebbn's Test (Acetone). — When a watery solution of 
acetone is treated with alkali and then a solution of iodine in 
potassium iodide solution and gently warmed, a yellow pre- 
cijiitate of iodoform is formed, which is known by its odor and 
by the appearance of the crystals (six-sided plates or stars) 
under the microscope. 

Liebeemann-Buechaed's Test (Gholesterin). — Dissolve 
the substance in acetic anhydride and then add concentrated 
sulphuric acid, when a beautiful violet color is produced, and 
this passes quickly to green if cholesterin is present. 

LiEBERMANsr's Test (Proteids). — Treat the proteid, pre- 
viously washed with alcohol and ether, with concentrated 
fuming hydrochloric acid, when a beautiful violet-blue colora- 
tion is the result. This liquid gives an absorption-band be- 
tween E and b. 

Liebig's Test (Cystin). — Boil the substance with caujtic 
alkali containing lead oxide. If cystin is present, a pre- 
cipitate of blacklcad sulphide is produced, 
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Lowenthal's Test {Glucose). — On boiling a glucose solution 
with a solution of ferric chloride dissolved in tartaric acid and 
sodium carbonate it darkens and soon deposits a Toluminous 
precipitate of iron oxide. This test cannot be applied to the 
urine, as all urines give it. 

Lucre's Reaction {Hippuric Acid). — Evaporate the sub- 
stance to dryness with nitric acid, when an intense odor of 
uitro-benzol (oil of bitter almonds) is generated when the 
residue is heated. 

MacMunn's Test {Indican in Urine). — Equal parts of urine 
and hydrochloric acid and a few drops nitric acid are boiled, 
cooled, and agitated with chloroform. The chloroform is 
colored violet and shows an absorption-band before D, due to 
indigo blue, and another after D, due to indigo red. 

Macwilliam's Test (Albumin). — Add a concentrated wa- 
tery solution of salicyl sulphonic acid to the acid-reacting 
solution, when a cloudiness or precipitate will be formed in 
the presence of albumin. In the presence of peptones or 
albumoses the precipitate disappears on boiling, but reap- 
pears on cooling. 

Malbkba's Test [Acetone). — A solution of dimethylpara- 
phenylendiamine gives a red coloration with acetone, which 
gives an absorption spectrum very similar to oxyhsemoglobin. 

Maly's Test (FCT in Contents of Stomacli). — Place liquid 
to be tested in a glass dish and add as much ultramarine to 
make it just blue. Then cover the dish with a watch-glass 
after having suspended a piece of lead-paper in the upper 
part of the dish. On warming the mixture on the water- 
bath after 15 minutes in the presence of HCl the blue color 
of the mixture has changed to brown and the lead-paper will 
have turned dark, due to the development of H^S. 
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Zinc sulphide may be substituted for the ultramarine, 
using a knife-point of the powder to 20 c.c. of the filtered 
contents of the stomach. 

Makdel's Test (Proteids). — A 5 per cent solution of chro- 
mic acid produces a precipitate with solutions of proteids. 
If the solution is first made acid with acetic or citric acid, the 
precipitate produced is flocculent and settles rapidly. It 
produces a marked cloudiness with 1 part albumin dissolved 
in 50,000 parts water. Chromic acid solution may be substi- 
tuted for nitric acid in Heller's test, using a 10 per cent 
solution. 

Marechal {Bile Pigments). See Smith's Test. 

T. Maschke's Keaction (Creatinin). — Dissolve the creatinin 
in a cold saturated solution of sodium carbonate and add a 
a few drops of Fehling's solution. An amorphous flocculent 
precipitate is obtained in the cold, but better on warming 
to 50-60° C. 

Mehu's Test (Albumin). — Shake 100 vols, of the solution 
with 2-3 vols, nitric acid and 10 vols, of a solution of 1 part 
phenol and 1 part acetic acid in 2 parts 90^ alcohol. In the 
presence of albumin a precipitate is produced. Instead of 
nitric acid one half a volume of a saturated solution of 
sodium sulphate may be used. 

Melanin. See Biselt, v. Jaksch, ThormaMen, Zeller. 

MiCHAiLOV\r's Test {Proteids). — Treat the solution with 
ferrous sulphate, and allow concentrated sulphuric acid to 
flow under the solution, and then add carefully very little 
nitric acid. Besides a brown ring, a blood-red coloration wjU 
also be produced, 
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Millon's Eeagent (Proteids). — Dissolve 1 part mercury in 
2 parts nitric acid (sp. gr. 1.42), allow to stand some time, 
and tlien apply heat. After complete solution of the mer- 
cury add 1 Tol. of this solution to 2 toIs. of water. Allow 
to stand a few hours and decant the supernatant liquid. 

This reagent gives with solutions of proteid bodies a precipi- 
tate which slowly at the ordinary temperature,but quietly at the 
boiling-point, turns red, depending upon the amount of albu- 
min. Solid albuminous bodies give the same reaction. This 
reaction depends on the presence of the aromatic group in 
the proteid, and is also given by tyrosin and other benzol 
derivatives with a hydroxyl group in the benzol nucleus. 

Mohe's Test [HClin Contents of Stomach). — A solution of 
iron acetate (free from alkali acetates) so diluted as to have 
only a light yellow color is treated with a few drops of a solu- 
tion of potassium sulpho-cyanide. 'No change of color should 
be produced, but if the filtered contents of the stomach are 
added, and they contain free HCl, an intense red coloration 
is the result. This color disappears on the addition of sodium 
acetate. 

Molisch's Test {Glucose). — 1. Treat ^ to 1 c.c. of the solu- 
tion with 2 drops of a 15-20^ alcoholic solution of a naph- 
thol. The liquid becomes cloudy, due to the precipitation of 
some of the naphthol, but on the addition of 1-2 c.c. concen- 
trated sulphuric acid a beautiful deep violet coloration is pro- 
duced, which forms a violet precipitate on diluting with 
water. 

2. Instead of employing a solution of a naphthol he also 
suggests the use of a 15-20^ alcoholic solution of thymol, 
applied as above. In the presence of glucose it is colored 
ruby red and becomes carmine red on dilution with water. 

Mooee's Test ( Glucose). — If a glucose solution is treated with 
about i of its volume of caustic soda or potash and warmed, the 
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solution becomes first yellow, then orange, yellowish brown, 
and lastly brown, depending upon the amount of glucose 
present. A faint odor of caramel is also observed, and this 
is more pronounced if the solution is acidified. 

Mulder's Test {Glucose). — Treat the solution with a solu- 
tion of sodium carbonate and add a solution of indigo car- 
mine. On heating in the presence of glucose the solution 
becomes decolorized, and turns blue again on shaking with 
air. 

Mulder's Test, also Xantho-proteic Keaction (Proieids). — 
On treating proteids with concentrated nitric acid they are 
colored yellow. On adding ammonia or cai'stio soda or potash 
they turn orange yellow. 

MiJLLER's Test {Oystin). — Dissolve the cystin by boiling 
with caustic potash, dilute with water when cold, and add a 
solution of sodium nitro-prusside, when a violet coloration is 
produced. This color changes rapidly to yellow. 

MuREXiD Test {Uric Acid). — Heat the powder gently on a 
watch-glass with a drop or two of strong nitric acid. A red 
residue is produced, which, when cold, turns a purple red 
when ammonia is added (purpurate of ammonium). When 
caustic soda or potash is added to this, it becomes more blue 
or bluish violet. Better results are obtained if the heating is 
done over the water-bath, and not over a naked flame. 

Mtlius's Modification of Pettmikofer's Test {Bile Acids). — 
To each cubic centimetre of the alcoholic solution of bile 
acids add 1 drop of furfurol solution and 1 c.c. concentrated 
sulphuric acid, and cool when necessary, so that the test does 
not become too warm. A red coloration is the result, and 
this color does not disappear at the ordinary temperature, but 
becomes more bluish violet in the course of a day. 
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Nencki's Test (Indol). — Indol gives a pronounced red col- 
oration with nitric acid containing nitrous acid. In concen- 
trated solution a red precipitate may form. This reaction is 
not given by skatol. 

Nitrous Acid or Nitrites. See Griess. 

Ntlandbr's Test {Glucose). — Dissolve 4 grms. Rochelle 
salts in a solution of 10.33 grms. NaHO in 100 c.c. water. 
Add to this 2 grms. bismuth subnitrate and digest on the 
water-bath until as much of the bismuth salt is dissolved 
as possible. On heating 10 Tols. of a glucose solution with 1 
vol. of the above solution for 2-5 minutes a black precipitate 
or a dark coloration is the result, 

Obermeter's Test {Indican in Urine). — Precipitate the 
urine with a lead acetate solution (1 to 5), being careful not to 
add an excess of lead solution. Filter through a dry folded 
filter and shake the filtrate with an equal volume of fuming 
hydrochloric acid which contains 1-2 parts ferric chloride 
solution to 500 parts of the acid. Continue shaking for 1 or 
2 minutes, and then add some chloroform, which takes up 
the indigo blue produced and is colored blue. 

Obermijller's Test (Cholesterin). — Fuse the cholesterin with 
2 or 3 drops propionic acid anhydride in a test-tube over a 
small naked flame. On cooling the fused mass is first violet, 
then blue, green, orange, carmine, and lastly copper red. 

Oliver's Test (Albumin). — Mix equal parts of sodium 
tungstate solution (1 to 4) and a saturated solution of citric 
acid, (10 to 6). The urine is fioated on this solution, and in 
the presence of albumin a white ring is obtained at the con- 
tact of the two liquids. 

Pacini's Liquid (Blood). — One part corrosive sublimate, 2 
parts sodium chloride, 13 parts glycerin, 113 parts distilled 
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■water. This mixture should stand 3 months. For use mix 
1 part of this solution with 3 parts water and filter. 

Pavt's Eeagent {Albumin). — This is a practical dry reagent 
for albumin. It consists of small disks or plates of citric acid 
and sodium ferrocyanide. 

Pavt's Solution {Glucose). — Mix 120 c.c. of the ordinary 
Fehling's solution with 300 c.c. of strong ammonia (sp. gr. 
0.88) and with 400 c.c. more of caustic soda solution of sp. gr. 
1.14. Now dilute to 1000 c.c. with water. One hundred c.c. 
of this solution is reduced by glucose to the same extent as 
10 c.c. of the ordinary Fehling's solution. This solution 
becomes decolorized by boiling with glucose solution. 

Penzoldt's Test {Glucose). — Dissolve 1 part diazobenzo-sul- 
phonic acid in 60 parts of water, and to facilitate solution add 
1 or 2 drops caustic potash. 

In applying this test make some of the solution to be 
tested strongly alkaline, and then add an equal volume of the 
above solution of diazobenzol sulphonic acid. It is advisable 
to do the same with a solution free from sugar. On allowing 
to stand the mixture becomes yellowish red or light claret 
red, then darker, and in the presence of considerable glucose 
it becomes dark red and opaque. The red color has a bluish 
shade. 

Penzoldt's Test {Acetone). — A warm saturated solution of 
orthonitrobenzaldehyde is treated with the liquid to be tested 
for acetone and then made alkaline with caustic soda. In the 
presence of acetone the liquid first becomes yellow, then green, 
and lastly indigo separates, and this may be dissolved with a 
blue color by shaking with cliloroform. 
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Penzoldt and Fischer's Test {Phenol). — On treating a 
strongly alkaline solution of phenol with a solution of diazo- 
benzol sulphonic acid a deep red coloration is the result. 

Peptones. See Eofmeister. 

Petri's Test {Proteids). — On treating a proteid or peptone 
solution with a solution of diazobenzol sulphonic acid only a 
faint yellow coloration is produced, but on making the solu- 
tion alkaline with caustic alkali the solution becomes orange 
yellow to brown, according to concentration, and yields a red 
froth on shaking. 

Pettenkofer's Test {Bile Acids). — A small quantity of bile 
in substance is dissolved in a small porcelain dish in con- 
centrated sulphuric acid and warmed, or some of the liquid 
containing the bile acids is mixed with concentrated sul- 
phuric acid, taking special care in both cases that the tem- 
perature does not rise higher than 60-70° C. Then a IQfo 
solution of cane-sugar is added, drop by drop, continually 
stirring with a glass rod. The presence of bile is indicated by 
the production of a beautiful red liquid, whose color does not 
disappear at the ordinary temperature, but becomes more blu- 
ish violet in the course of a day. This red liquid shows a 
spectrum with two absorption-bands, the one at F and the 
other between D and E, near E. 

Phenol. See Allen, Berthelot, Davy, Eijkmann, Jacque- 
min, LandoU, Penzoldt and Fischer. 

PiOTROWSKi's Reaction {Proteids), aXso ca]l&A Biuret Re- 
action. — On heating a proteid with an excess of a concen- 
trated solution of caustic soda and one or two drops of a 
dilute solution of copper sulphate a violet color is produced 
which deepens in tint on boiling. 



90 HAKCBOOK FOR BlO-CHEMICAL LABORATOKY. 

Piria's Test {Ty rosin). — Dissolve the substance in con- 
centrated sulphuric acid and allow to stand for ^ an hour. 
Dilute with water and neutralize the solution with BaCOj and 
filter. On the addition of acid-free ferric chloride to the clear 
filtrate a violet color is produced in the presence of tyrosin. 
The reaction is impeded by the presence of free acid. 

Pohl's Test (Globulins). — He suggests to saturate the solu- 
tion to one-half with ammonium sulphate, which precipitates 
the globulins. Filter and wash with a one half saturated 
solution of ammonium sulphate. 

Proteids. See Adamkiewicz, Biuret, Briicke, Frbhde, 
Furfural, Origg, Lieberwann, Mandel, Millon, Mulder, Mi- 
chailou, Petri, Piotrowski, Reichl, SchuUze, Xantho-proteic. 

Pus. See Donne. 

Eaabe's Test [Albumin). — Place 1 c.c. of the liquid to be 
tested in a test-tube and add a small piece of trichloracetic 
acid. In the presence of albumin a white zone or ring will 
be formed. The ring produced by uric acid is difEused and 
not sharply defined. 

Rabuteau's Test {HCl in Contents of Stomach).- — Add 
the filtered contents of the stomach to a solution containing 
50 c.c. starch mucilage, 1 grm. potassium iodate, and 0.5 grm. 
potassium iodide. In the presence of free HCl it will become 
blue. 

Rees's Test {Albumin). — An alcoholic solution of tannic 
acid precipitates small amounts of albumin. 

Ebichl's Test {Proteids). — Add 2-3 drops of an alcoholic 
solution of benzaldehyde to the proteid solution, and then 
considerable sulphuric acid which has previously been diluted 
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with an equal volume of water. Lastly, add a few drops of a 
ferric sulphate solution, when a deep blue coloration will be 
produced in the cold after some time or immediately on 
warming. Solid proteids are also colored blue by this reac- 
tion. 

Eeoch's Test {Albumin). See Macwilliam. 

Eeoch's Test {HCl in Contents of Stomach). — A mixture 
of citrate of iron and quinine and potassium sulpho-cyanide 
is colored red by the gastric juice or contents of the stomach 
containing free hydrochloric acid. 

Reynold's Test (^ce^o?ie). ^Precipitate HgO from a mer- 
curic chloride solution by adding an alcoholic caustic potash 
solution. To this freshly precipitated llgO add the liquid 
to be tested for acetone, shake, and filter. In the presence 
of acetone the filtrate contains mercury, due to the acetone 
dissolving freshly precipitated HgO. The mercury is de- 
tected in the filtrate by means of ammonium sulphide, which 
turns black. 

Robert's Test {Glucose in Urine). — ^Take the specific 
gravity of the urine at a known temperature by means of a 
urinometer or pyknometer supplied with a thermometer. 
Now acidify slightly with tartaric acid and add a piece of 
yeast the size of a pea and shake. Allow to stand at the 
temperature of the room, or, better, at 20-25° C, for 24-48 
hours. The fermentation by this time will be finished. Now 
filter through a dry filter and cool to the same temperature 
as you took the specific gravity before fermentation. Now 
take the specific gravity again. 

Bach degree of specific gravity lost represents 1 grain of 
glucose to the ounce of urine, or if the number of degrees 
lost in specific gravity is multiplied by the factor 0.23 we 
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obtain the percentage of glucose or grammes per 100 c.c. of 
urine. 

Eobebt's Test {Albumin). — Allow the urine to flow on the 
surface of a saturated common salt solution containing 5^ 
HCl of specific gravity 1.053. In the presence of albumin a 
white ring or zone will form between the two liquids. 

He also suggests a mixture of 1 part strong nitric acid and 
5 parts saturated magnesium sulphate solution. It is to be 
applied as above. 

Eosenbach's Modification of Gmelin's Test {Bile Pig- 
ments). — Filter the liquid through a very small filter. When 
all liquid has passed through, apply to the inside of the filter 
a drop of nitric acid which contains only very little nitrous 
acid. A pale yellow spot will be formed, which is surrounded 
by colored rings which are yellowish red, violet, blue, and 
green. 

Eosenbach's Test {Indigo Red or IndiruMn).— On boiling 
the liquid with nitric acid indigo blue is formed from the 
indigo red. 

Eosin's Test {Indigo Red or Jndinibin).—M.ake the liquid 
alkaline with sodium carbonate and extract with ether, which 
is colored red by the indigo red. 

Eubner's Test {Carbon Monoxide in Blood). — Shake the 
blood for one minute with 4-5 volumes lead acetate solution. 
If the blood contains CO, it will retain its bright red color, 
while if it does not.it will turn chocolate brown. 

Eubnee's Test {Glucose). — Treat the liquid with an excess 
of lead acetate, filter, and add ammonia to the filtrate until 
no further precipitate is produced. Warm gently, when the 
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precipitate produced by the ammonia will be gradually col- 
ored pink. This coloration diminishes on standing. 

Salkowski's Reaction (Cholesterin). — Dissolve the sub- 
stance in chloroform and then treat with an equal volume of 
concentrated sulphuric acid. The cholesterin solution be- 
comes first bluish red, then gradually more violet red, while 
the sulphuric acid appears dark red with a greenish fluores- 
cence. If the chloroform solution is poured into a porcelain 
dish, it becomes violet, then green, and finally yellow. 

Salkowski's Modification of Hoppe Seyler's Test [CO 
in Blood). — Dilute the blood to be tested with 20 vols, water 
and add thereto an equal volume of a caustic soda solution 
of sp. gr. 1.34. If the blood contains carbon monoxide, the 
mixture will become milky in a few moments and then 
bright red. On standing red flakes form, which collect on 
the surface of the liquid. Normal blood treated in this way 
gives a dirty brown coloration. 

Salkowski's Reaction {Creatinin). — If a few drops of a 
freshly prepared very dilute solution of sodium nitro-prusside 
are added to a dilute creatinin solution and then a few drops 
of caustic soda, a ruby-red liquid is obtained which quickly 
turns yellow {Weyl's reaction). If this yellow solution is 
treated with an excess of acetic acid and heated, the solution 
becomes first green and then blue, and finally a precipitate of 
Prussian blue is obtained. 

Salkowski's Test (ludol). — Add a few drops nitric acid to 
the indol solution and then, drop by drop, a 2^ solution of po- 
tassium nitrite. In the presence of indol a red color is pro- 
duced, and lastly a red precipitate of nitroso-indol nitrate. 

Scherer's Test {Inosit). — Evaporate the substance to dry- 
ness on a platipuni foil with nitric acid and treat the residue 
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■with ammonia and a drop of calcium chloride solution and 
carefully re-eyaporate to dryness. With inosit a rose-red 
residue is obtained. 

Scherer's Test {Leucin). — Carefully evaporate the leucin 
with nitric acid on a platinum foil. No markedly colored 
residue is left, but on gently warming this with a few drops 
of caustic soda solution a color varying from a pale yellow to 
a brown (depending on the purity of the leucin) is produced, 
and on further concentrating over the flame it agglomerates 
into an oily drop which rolls about on the foil. 

Scherer's Test (Tyrosin). — Evaporate the substance care- 
fully to dryness with nitric acid on a platinum foil. A beau- 
tiful yellow residue (nitro-tyrosin nitrate) is obtained, which 
gives a deep reddish-yellow color with caustic soda. 

Schiff's Test (Uric Acid). — Dissolve the substance in 
sodium carbonate and add silver nitrate solution, when a re- 
duction of black silver oxide is obtained. If a drop of the 
solution of the substance in sodium carbonate is placed on a 
piece of filter-paper which has been previously treated with 
silver nitrate solution, a reduction of black silver oxide will 
also be formed on the paper. 

Schiff's Test (CarJoA«/<Zrai«).— Strips of paper are dipped 
in a mixture of equal volumes of glacial acetic acid and 
xylidin, treated with very little alcohol, and dried. On ex- 
posing such paper to the furfurol vapors produced by treating 
glucose with sulphuric acid the paper will be colored red. 

Schiff's Keaction (CAo/es^eri?*).— Evaporate the substance 
in a porcelain dish over a small flame with a few drops of a 
mixture of 3-3 vols, concentrated hydrochloric or sulphuric 
g,cid an(J 1 vol, of fv m^^ium solution of ferrjc chloride, Iq. 
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the presence of cbolesterin a reddish-violet residue is first ob- 
tained and then a bluish violet. 

Schife's Test (Urea).— Fl&ce a drop of a concentrated 
watery solution of furfurol on the crystal of urea and then a 
drop of hydrochloric acid of sp. gr. 1.10. A change of color 
from yellow, green, blue, to purple is obtained. AUantoin 
gives this same reaction, but less intense and not so quickly. 

Schroedek's Test ( Urea). — Place a crystal on a microscope- 
slide and add a solution of bromine in chloroform. Urea will 
not dissolve therein, but is decomposed with the develop- 
ment of gas. 

Schulzb's Reagent (Cellulose). — Dissolve iodine to satura- 
tion in a zinc chloride solution of sp. gr. 1.8 to which 6 parts 
potassium iodide has been added. Cellulose turns blue with 
this reagent. 

Schulze's Test (Cholesterin). — Evaporate the substance to 
dryness on the water-bath in a porcelain dish with nitric acid. 
A yellow residue is obtained with cholesterin, which turns 
yellowish red on the addition of ammonia. 

Schultze's Test (Proieids). — Add a few drops of a dilute 
cane-sugar solution and then concentrated sulphuric acid to 
a solution of the proteid and warm the mixture to 60° C, 
when a beautiful bluish-red coloration is obtained. It is 
important to keep the temperature at 60° 0. 

Schweitzer's Reagent (Cellulose). — Sulphate of copper in 
solution, to which some ammonium chloride has been added, is 
precipitated with caustic soda ; the hydrated cupric oxide 
thus obtained is washed and dissolved to saturation in 30^ 
ammonia. It may also be prepared by pouring ammonia on 
copper turpings, the requisite oxidation of the copper being 
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effected by drawing a current oi air througli tlie fluid in 
whicli the turnings are immersed. Cellulose is soluble in the 
above reagent. 

Seidel's Reaction {Tnosii). — Evaporate a small amount of 
the substance to dryness in a platinum crucible with a little 
nitric acid (sp. gr. 1.1-1.3), and treat the residue with ammo- 
nia and a fev.' drops of a solution of strontium acetate. In 
the presence of inosit a greenish coloration is observed, to- 
gether with a violet precipitate. 

Skatol. See Ciamician and Magnanini. 

Smith's Reaction {Bile Pigments). — Pour -carefully over 
the liquid to be tested tincture of iodine, whereby a green 
ring appears between the two liquids. 

SoLDAKi's Solution {Glucose). — Dissolve 15 grms. copper 
carbonate in 1400 c.c. water and add 416 grms. potassium 
bicarbonate. On heating a glucose solution with the above 
solution a reduction of copper suboxide is obtained. 

Spieglee's Test {Albumin). — Remove mucin from the 
solution by the addition of acetic acid, filter, and treat the 
filtrate with a solution prepared by dissolving 8 grms. mer- 
curic chloride, 4 grms. tartaric acid, in 200 c.c. water and 
adding 20 grms. glycerin thereto. In the presence of albumin 
a white ring is obtained between the two liquids. 

Stokyis's Test {Bile Pigments). — Treat 20-30 c.c. of urine 
with 5-10 c.c. of a solution of zinc acetate (1 to 5). The pre- 
cipitate is washed on a small filter with water and then dis- 
solved in a little ammonia. Filter, and the filtrate gives, 
after standing in the air, a peculiar brownish-green color, and 
shows the three absorption-bands of bilicyanin, the first between 
G and D, the second at D, and the third between D aod E, 
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Stokes's Eeagent {Reducing Oxylimmoglobin). — To a solu- 
tion of ferrous sulphate add some citric or tartaric acid and 
enough ammonia to make it alkaline. 

Strassburg's Test (Bile Acids). — Treat the liquid with 
cane-sugar and dip a strip of filter-paper in this liquid. Dry 
this carefully over a gas or alcohol flame and place a drop of 
sulphuric acid thereon. In the presence of bile acids a red 
coloration is produced on the paper. The liquid must be free 
from albumin for this test. 

Stbuve's Test {Blood in Urine). — Treat the urine with 
ammonia or caustic potash, and then add tannin and acetic 
acid until the mixture has an acid reaction. In the presence 
of blood a dark precipitate is formed. Filter, dry, and obtain 
the characteristic hsemin crystals from the dry residue by the 
addition of ammonium chloride and glacial acetic acid. (See 
Teichmann.) 

SzABO's Test {HCl in Contents of Stomach). — Equal 
volumes of ifo solutions of ammonium sulpho-cyanide and of 
sodic-ferric tartrate are mixed. On adding liquid containing 
HCl to this solution, which is pale yellow, a brownish-red 
color is produced. 

Tanrbt's Test {Albumin). — Dissolve 3.32 grms. potassium 
iodide and 1.85 grms. mercuric chloride (4 mols. KI to 1 mol. 
HgOlj) in 20 c.c. acetic acid and dilute to 60 c.c. When 
this reagent is added to an albumin solution, a white precipi- 
tate is produced. 

Taurin. See Lang. 

Teichmann's Test {Hmmin Crystals). — Place a few parti- 
cles of the dry residue on a microscope-slide, add a grain of 
common salt, and cover with a cover-glass. Now add some 
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glacial acetic acid under the cover-glass and warm gently not 
to boil the liquid. In the presence of blood-coloring matters 
the characteristic dark brown, long, rhombic crystals of hsemin 
are obtained. If no crystals appear after the first warming, 
warm again, and if necessary add some more acetic acid. 

Thormahlek's Test {Melanin in Urine).— A.M sodium, 
nitro-prusside, caustic potash, and acetic acid to the urine to 
be tested, and in the presence of melanin a deep blue colora- 
tion is the result. 

TEOifJiER's Test {Glucose). — Make the liquid strongly alka- 
line with caustic soda and add a not too concentrated solution 
of copper sulphate, drop by drop, until a little of the copper 
hydrate formed remains undissolved on shaking. Now warm, 
and in the presence of glucose a yellow reduction of hydrated 
suboxide of copper is first formed and then red suboxide sepa- 
rates even below the boiling-point. If too little copper salt 
has been added, the test will be yellowish brown in color, as in 
Moore's test ; but if an excess of the copper salt has been 
added, the excess of hydrate is converted on boiling into a 
dark brown hydrate, which interferes with the test. 

Trousseau's Test {Bile Pigments). See Dumo7itpallier, 
Smith,. 

Tyeosin. See Hoffmann, Piria, Scherer, Udransky, 
Wurster. 

Udranskt's Test {Tyrosin).—I>issohe a particle of the 
substance in 1 c.c. of water and add 1 drop of a 0.6^ watery 
furfurol solution and then 1 c.c. concentrated sulphuric acid. 
The mixture becomes faintly red. Care should be taken not 
to have the mixture get above 50° C. 

TTdransky's Test {Bile Acids). — Treat 1 c.c. of a watery or 
alcoholic solution of the substance witli 2 drop of a 0.1^' 
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watery solution of furf urol and allow 1 c.c. concentrated sul- 
phuric acid to flow underneath this mixture. Care should be 
taken to keep the mixture cool. In the presence of bile acids 
a red coloration is obtained. The red color should have a 
shade of blue (violet) to be characteristic of bile acids. 

Uefelmann's Test {Lactic Acid in Contents of Stomach). — 
Mix 10 CO. of a 4^ carbolic acid solution and 20 c.c. water and 
■add a few drops ferric chloride solution, when an amethyst- 
blue solution is obtained. AVith lactic acid this solution is 
colored yellow. 

Uffelmann's Test {HCl in Contents of Stomach). — Dip 
strips of filter-paper in an amyl alcohol extract of huckle- 
berries and dry. When the contents of the stomach contains 
HClj it will turn this paper pink. 

Ultzmann's Eeaction {Bile Pigments). — Treat the solution 
with caustic potash and mix, and then acidify with hydro- 
chloric acid. The solution becomes emerald gieen, due to 
the formation of biliverdin. 

Urea. See Biuret, Schiff, Schroeder, 

Uric Acid. See Deniges, Dietrich, v. Jahsch, Murexid, 
Schiff. 

Urobilin. See Oerhardt. 

V. D. Velden's Test [HCl in Contents of Stomach). — A 
watery or alcoholic solution of Tropseolin 00, which is yellow 
in color, turns ruby red or deep brownish red with free hydro- 
chloric acid. Paper moistened with the above solution may 
be used for the test. 
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ViTALLi's Test (i?j7e Pigments.)— Tveat the solution with 
a lew drops of a solution of potassium nitrite and then some 
dilute sulphuric acid, when a beautiful green color will be 
obtained. This green color changes to yellow after a time, 
but first turns red or blue. 

Weber's Test {Indican in Urine). — Treat 30 c.c. of the 
urine with an equal volume hydrochloric acid and 1-3 drops 
dilute nitric acid and heat to boiling. The solution becomes 
dark, and if shaken with ether, when cold, the ether will be' 
colored red to violet, while a blue foam is observed on the top 
of the ether. 

Weidel's Eeaction {Xanthin). — A little of the substance 
is dissolved in fresh chlorine water containing some nitric 
acid and evaporated on the water-bath to dryness. On expos- 
ing the white or yellowish residue to the vapors of ammonia, 
under a bell-jar, a red or purple violet color is produced. 

Wender's Test {Glucose). — Dissolve 1 part commercial 
metliylene blue in 3000 parts distilled water. On making this 
solution alkaline with caustic potash and heating with a 
glucose solution the blue color disappears and the solution 
becomes decolorized. 

Wetzel's Test {GO in Blood). — Dilute the blood with 4 
vols, water and treat with 3 vols, of a Ij^ tannic acid solution. 
In the presence of carbon monoxide the blood becomes car- 
mine red, while normal blood gradually becomes gray. 

Weyl's Reaction {Grerifiiiin). — Add a few drops of a 
freshly pi'epared solution of sodium nitro-prnsside to the 
solution of creatinin and then a few drops of caustic soda. A 
ruby-red liquid is obtained, whir'h quickly turns yellow again. 
The solution of creatinin zinc chloride may also be used. 
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WiTz's Test {HGlin the Contents of the Stomach). — A watery 
solution of metliyl-anilin violet is first rendered blue, then 
green, and ultimately decolorized by dilute inorganic acids. 

Wurster's Test (Tyrosin). — ^A boiling watery solution of 
tyrosin is colored red when treated with 1^ acetic acid and a 
sodium nitrite solution, drop by drop. 

Wurster's Test {Tyrosin). — Dissolve the tyrosin in hot 
water and to the hot solution add some dry chinon. The 
solution becomes deep ruby red, which remains for 34 hours 
and then passes to brown. 

Wurster's Test {Hydrogen Peroxide). — Paper soaked with 
a solution of tetramethylparaphenylendiamine turns blue 
violet with hydrogen peroxide. 

Xanthijst. See Hoppe Seyler, Weidel. 

Xantho-protbic Reaction {Proteids). See Mulder. 

V. Zalbski's Test {Carbon Monoxide in Blood). — Mix 2 c.c. 
of the blood with 2 c.c, water and 3 drops of a \ saturated 
copper sulphate solution. With normal blood a greenish- 
brown precipitate is produced, while if the blood contains CO 
a brick-red precipitate is obtained. 

Zeller's Test {Melanin in Urine). — A urine containing 
melanin gives, when treated with bromine water, a yellow pre- 
cipitate, which gradually turns black, 

ZoucHLOS's Test {Albumin).— T^he reagent consists of 100 
parts 10^ potassium sulpho-cyanide solution and 20 parts 
acetic acid. When this reagent is added, drop by drop, to a 
solution of albumin, a marked cloudiness is observed. 

Zvtenger's Test {Cholesterin). See Cholesterin Reactions 
Ko. 1. 
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Furman's Manual of Practical Assaying 8vo, 3 00 
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O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 00 
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Dike's Modern Electrolytic Copper Refining 8vo, 3 00 
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Comstock's Field Astronomy for Engineers 8vo, 2 so 

Craig's Azimuth 4to, 3 So 
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Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 so 
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Control 8vo, 7 so 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .. .8vo, 3 00 

Low's Technical Method of Ore Analysis 8vo, 3 00 

Lunge's Techno-chemical Analysis. (Cohn.) x2mo i 00 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, i so 

Maire's Modem Pigments and their Vehicles lamo, 2 00 

Mandel's Handbook for Bio-chemical Laboratory i2mo, 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe. . i2mo, 
Mason's Examination of Water. (Chemical and Bacteriological.). . . .i2mo. 

Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 

Matthews's The Textile Fibres. 2d Edition, Rewritten 8vo, 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). .i2mo. 
Miller's Cyanide Process i2nio. 

Manual of Assaying _. i2mo, 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . i2mo, 

Mixter's Elementary Text-book of Chemistry i2mo, 

Morgan's Elements of Physical Chemistry i2mo. 

Outline of the Theory of Solutions and its Results. . . ." i2mo, 

* Physical Chemistry for Electrical Engineers l2mo, 

Morse's Calculations used in Cane-sugar Factories i6mo, mor. 

* Muir's History .of Chemical Theories and Laws 8vo, 

Mulliktn's General Method for the Identification of Pure Organic Compounds. 

Vol. I Large 8vo, 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) i2mo, 

" " " " Part Two. (Turnbull.) i2mo, 

* Palmer's Practical Test Book of Chemistry i2mo, 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer. ) . . . . i2mo, 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, so' 
Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vo, x 00 

Pictet's Alkaloids and their Chemical Constitution. (Biddle.) 870, 5 00 

Poole's Calorific Power of Fuels 8vo, 3 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis i2mo, x 50 

* Reisig's Guide to Piece-dyeing 8vo, 35 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Standpoint. .8vo, 2 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Rideal's Disinfection and the Preservation of Food 8vo, 4 00 

Sewage and the Bacterial Purification of Sewage ; 8vo, 4 00 

Riggs's Elementary Manual for the Chemical Laboratory 8vo, i 25' 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Roddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy i2mo, i 00 
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Ruer's Elements of Metallography. CMathewson). fin Preparation.) 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) 8vo, 2 50 

Schimpf's Essentials of Volumetric Analysis i2mo, i 25 

* Qualitative Chemical Analysis 8vo, 125 

Text-book of Volumetric Analysis i2mo, 2 50 

SSiith's Lecture Notes on Chemistry for Dental Students 8vo, 2 so 

' Spencer's Handbook for Cane Sugar Manufacturers i6mo, mor. 3 00 

Handbook for Chemists of Beet-sugar Houses i6mo, mor. 3 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

* Tillman's Descriptive General Chemistry 8vo, 3 00 

* Elementary Lessons in Heat 8vo, 1 50 

Treadwell's Qualitative Analysis. (Hall.) 8vo, 3 00 

Quantitative Analysis. (Hall.) 8vo, 4 00 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) i2mo, 1 50 

Venable's Methods and Devices for Bacterial Treatment of Sewage Svo, 3 00 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. I Small Svo, 4 00 

" " Vol.11 Small8vo, 5 co 

Washington's Manual of the Chemical Analysis of Rocks. Svo, 2 00 

■* Weaver's Military Explosives 8vo, 3 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis Svo, i 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students l2mo, 1 50 

Text-book of Chemical Arithmetic i2mo, i 25 

Whipple's Microscopy of Drinking-water Svo, 3 50 

Wilson's Chlorination Process i2mo i so 

Cyanide Processes l2mo i 50 

Winton's Microscopy of Vegetable Foods Svo 7 so 



CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER- 
ING. RAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments i2mo, 3 00 

Bixby's Graphical Computing Table Paper 19^ X 24i inches. 25 

Breed and Hosmer's Principles and Practice of Surveying Svo, 3 00 

* Burr's Ancient and Modern Engineering and the Isthmian Canal Svo, 3 so 

Comstock's Field Astronomy for Engineers Svo, 2 50 

* Corthell's Allowable Pressures on Deep Foundations i2mo, i 25 

Crandall's Text-book on Geodesy and Least Squares Svo, 3 00 

Davis's Elevation and Stadia Tables Svo, i 00 

Elliott's Engineering for Land Drainage i2mo, i so 

Practical Farm Drainage i2mo, i 00 

*Fiebeger's Treatise on Civil Engineering Svo, 5 00 

Flemer's Phototopographic Methods and Instruments Svo, s 00 

Folwell's Sewerage. (Designing and Maintenance.) Svo, 3 00 

Freitag's Architectural Engineering Svo, 3 so 

French and Ives's Stereotomy Svo, 2 so 

Goodhue's Municipal Improvements i2mo, i so 

Gore's Elements of Geodesy Svo, 2 so 

* Hauch and Rice's Tables of Quantities for Preliminary Estimates, l2mo, i 25 

Hayford's Text-book of Geodetic Astronomy Svo, 3 00 

Bering's Ready Reference Tables (Conversion Factors) i6mo, mor. 2 so 

Howe's Retaining Walls for Earth i2mo, i as 

R 



* Ives's Adjustments of the Engineer's Transit and Level i6mo, Bds. 25 

Ives and Hilts's Problems in Surveying i6mo, mor. i 50 

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 4 00 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00 

Kinnicutt, Winslow and Pratt's Purification of Sewage^ (In Preparation). 
Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) 

i2mo, 2 00 

Mahan's Descriptive Geometry 8vo, t 50 

Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 

Merriman and Brooks's Handbook for Surveyors i6mo, mor. 

Morrison's Elements of Highway Engineering. (In Press.) 

Nugent's Plane Surveying 8vo, 

Ogden's Sewer Design i2mo, 

Parsons's Disposal of Municipal Refuse Svo, 

Patton's Treatise on Civil Engineering Svo, half leather, 

Reed's Topographical Drawing and Sketching 4to, 

Rideal's Sewage and the Bacterial Purification of Sewage Svo, 

Rlemer's Shaft-sinking under Difflcult Conditions. (Coming and Peele.) . .Svo, 

Siebert and Biggin's Modern Stone-cutting and Masonry Svo, 

Smith's Manual of Topographical Drawing. (McMillan.) Svo, 

Soper's Air and Ventilation of Subways. (In Press.) 

Tracy's Plane Surveying l6mo, mor. 

''' Trautwine's Civi-l Engineer's Pocket-book i6mo, mor. 

Venable's Garbage Crematories in America Svo, 

Methods and Devices for Bacterial Treatment of Sewage Svo, 

Wait's Engineering and Architectural Jurisprudence Svo, 

Sheep, 

Law of Contracts Svo, 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture Svo, 

Sheep, 

Warren's Stereotomy — Problems in Stone-cutting Svo, 

* Waterbury's Vest-Pocket Hand-book of Mathematics for Engineers. 

2^ X s^- inches, mor. 1 00 
Webb's Problems in the Use and Adjustment of Engineering Instruments. 

, i6mo, mor. i 25 
Wilson's Topographic Surveying Svo, 3 50 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .Svo, 2 00 

Burr and Talk's Design and Construction of Metallic Bridges Svo, s 00 

Influence Lines for Bridge and Roof Computations Svo, 3 00 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, s 00 

■ Fowler's Ordinary Foundations Svo, 3 50 

French and Ives's Stereotomy Svo, 2 se 

Greene's Arches in Wood, Iron, and Stone Svo, 2 so 

Bridge Trusses • 8vo, 2^ 50 

Roof Trusses 8vo, i 23 

Grimm's Secondary Stresses in Bridge Trusses » Svo, 2 50 

Heller's Stresses in Structures and the Accompanyin Deformations Svo, 

Howe's Design of Simple Roof-trusses in Wood and Steel Svo, 2 00 

Symmetrical Masonry Arches Svo, 2 50 

Treatise on Arches Svo, 4 00 

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of 

Modern Framed Structures Small 4to, 10 00 
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Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 2 50 

Part II. Graphic Statics 8vo, 2 so 

Part III. Bridge Design 8vo, 2 so 

Part IV. Higlier Structures Svo, 2 so 

Morison*s Mempliis Bridge Oblong 4to, 10 00 

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

Svo, 2 00 

Waddell*s De Pontibus, Pocket-book for Bridge Engineers i6mo, mor, 2 00 

* Specifications for Steel Bridges i2mo, so 

Waddelland Harrington's Bridge Engineering. (In Preparation.) 

Wright's Designing of Draw-spans. Two parts in one volume Svo, 3 so 



HYDRAULICS. 

Barnes's Ice Formation Svo, 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) Svo, 

'Bovey's Treatise on Hydraulics. Svo, 

Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper. 

Hydraulic Motors Svo, 

Mechanics of Engineering Svo, 

'Coffin's Graphical Solution of Hydraulic Problems i6mo, morocco, 

Flather's Dynamometers, and the Measurement of Power i2mo, 

Folwell's Water-supply Engineering Svo, 

"Frizell's Water-power Svo, 

Fuertes's Water and Public Health i2mo. 

Water-filtration Works i2mo, 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) Svo, 

Hazen's Clean Water and How to Get It Large l2mo. 

Filtration of Public Water-supplies Svo, 

Hazlehurst's Towers and Tanks for Water-works Svo, 

Herschel's i is Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 00 

Hoyt and Grover's River Discharge Svo, 2 00 

Hubbard and Kiersted's Water-works Management and Maintenance Svo, 4 uo 

* Lyndon's Development and Electrical Distribution of Water Power. . . Svo, 3 00 
Mason'f Water-supply. (Considered Principally from a Sanitary Standpoint.) 

Svo, 4 00 

Rlerriman's Treatise on Hydraulics Svo, s 00 

* Michie's Elements of Analytical Mechanics Svo, 4 00 

MoUtor's Hydraulics of Rivers, Weirs and Sluices, ^n Pres.s.) 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large Svo, 5 00 

* Thoma-, and Watt's Improvement of Rivers 4to, 6 00 

Turneaure and Russell's Public Water-supplies Svo, s 00 

Wegmann's Design and Construction of Dams, sth Ed., enlarged 4to, 6 00 

Water-supply of the City of New York from 1658 to 1895 4to, Jo 00 

Whipple's Value of Pure Water Large i2mo, i 00 

Williams and Hazen's Hydraulic Tables Svo, i so 

Wilson's Irrigation Engineering Small Svo, 4 00 

Wolff's Windmill as a Prime Mover Svo, 3 00 

Wood's Elements of Analytical Mechanics Svo, 3 00 

Turbines 8to, 2 so 
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MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements 8vo, s oo 

Treatise on Masonry Construction 8vo, s oo 

Birkmire'ii Architectural Iron and Steel 8vo, 3 50 

Compound Riveted Girders as Applied in Buildings Svo, 2 00 

Black's United States Public Works Oblong 4to, 5 00 

Bleininger's Manufacture of Hydraulic Cement. (In Preparation.) 

* Bovey's Strength of Materials and Theory of Structiures Svo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering Svo, 7 50 

Byrne's Highway Construction Svo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

i6mo, 3 00 

Church's Mechanics of Engineering Svo, 6 00 

Du Bois's Mechanics of Engineering. 

Vol. I. Kinematics, Statics, Kinetics Small 4to, 7 50 

Vol. II. The Stresses in Framed Str^ictures, Strength of Materials and 

Theory of Flexures Email 4to, 10 00 

♦Eckel's Cements, Limes, and Plasters Svo, 6 00 

Stone and Clay Products used in Engineering. (In Preparation.) 

Fowler's Ordinary Foundations Svo, 3 50 

Graves's Forest Mensuration Svo, 4 00 

Green's Principles of American Forestry i2mo, i po 

* Greene's Structural Mechanics Svo, 2 so 

Holly and Ladd's Analysis of Mixed Paints, Color Pigments and Varnishes 

Large i2mo, 

Johnson's Materials of Construction Large Svo, 

Keep's Cast Iron Svo, 

Kidder's Architects and Builders' Pocket-book i6mo, 

Lanza's Applied Mechanics Svo, 

Maire's Modern Pigments and their Vehicles i2mo, 

Martens's Handbook on Testing Materials. (Henning.) 2 vols Svo, 

Maurer's Technical Mechanics Svo, 

Merrill's Stones for Building and Decoration Svo, 

Merriman's Mechanics of Materials Svo, 

* Strength of Materials . . . > i2mo, i 00 

Metcalf's Steel. A Manual for Steel-users i2mo, 2 00 

Patton's Practical Treatise on Foundations Svo, s 00 

Rice's Concrete Block Manufacture Svo, 2 00 

Richardson's Modern Asphalt Pavements Svo, 3 00 

Richey's Handbook for Superintendents of Construction i6mo, mor., 4 00 

* Ries's Clays: Their Occurrence, Properties, and Uses Svo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish Svo, 

* Schwarz's Longleaf Pine in Virgin Forest , i2mo, 

Snow's Principal Species of Wood 8vo, 

Spalding's Hydraulic Cement i2mo. 

Text-book on Roads and Pavements i2mo, 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced Svo, 

Thurston's Materials of Engineering.. In Three Parts Svo, 

Part I. Kon-metallic Materials of Engineering and Metallurgy. . . . Svo, 

Part n. Iron and Steel 8vo, 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 
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Tillson's Street Pavements and Paving Materials Svo, 

Tumeaure and Maurer's Principles of Reinforced Concrete Construction.. .8vo, 
Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber Svo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 
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RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers 3x5 inches, mor. 

Berg's Buildings and Structures of American Bailroads 4to, 

Brooks's Handbook of Street Railroad Location i6mo, mor. 

Butt's Civil Engineer's Field-book t6mo, mor. 

Crandall's Railway and Otlier Earthwork Tables 8vo, 

Transition Curve i6mo, mor, 

* Crockett's Methods for Earthwork Computations Svo, 

Dawson's "Engineering" and Electric Traction Pocket-book i6mo, mor. 

Dredge's History of the Pennsylvania Railroad: (iSyt)) Paper, 

Fisher's Table of Cubic Yards Cardboard, 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . . z6mo, mor. 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments Svo, I oo 

Ives and Hilts's Problems in Surveying, Raikoad Surveying and Geodesy 

l6mo, mor. i 50 

Mulitor and Beard's Manual for Resident Engineers i6mo, z 00 

Nagle's Field Manual for Railroad Engineers i6mo, mor. 3 00 

Philbrick's Field Manual for Engineers i6mo, mor. 3 00 

Rajrmond's Railroad Engineering. 3 volumes. 

Vol. I. Railroad Field Geometry. (In Preparation.) 

Vol. II. Elements of Railroad Engineering Svo, 3 50 

Vol III. Railroad Engineer's Field Book. (In Preparation.) 

Searles's Field Engineering i6mo, mor. 3 00 

Railroad Spiral i6mo, mor. i so 

Taylor's Prismoidal Formulse and Earthwork Svo, i so 

*Trautwine*s Field Practice of Laying Out Circular Curves for Railroads. 

l2mo. mor, z 50 

* Method of Calculating the Cubic Contents of Excavations and Embank- 

ments by the Aid of Diagrams Svo, 2 00 

Webb's Economics of Railroad Construction Large i2mo, 2 so 

Railroad Construction r6mo, mor. s 00 

Wellington's Economic Theory of the Location of Railways Small Svo, 5 00 

DRAWING. 

Barr's Kinematics of Machinery Svo, 2 50 

*' Bartlett's Mechanical Drawing Svo, 3 00 

♦ " " " Abridged Ed Svo, i so 

Coolidge's Manual of Drawing Svo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 2 50 

Durley's Kinematics of Machines Svo, 4 00 

Emch's Introduction to Projective Geometry and its Applications Svo, 2 so 

Hill's Text-book on Shades and Shadows, and Perspective Svo, 2 00 

Jamison's Advanced Mechanical Drawing Svo, 2 00 

Elements of Mechanical Drawing Svo, 2 50 

Jones's Machine Design : 

Part I. Kinematics of Machinery Svo, i So 

Part n. Form, Strength, and Proportions of Parts Svo, 

MacCord's Elements of Descriptive Geometry. Svo, 

Kinematics ; or. Practical Mechanism Svo, 

Mechanical Drawing 4to, 

Velocity Diagrams Svo, 

McLeod's Descriptive Geometry Large i2mo, 

• Mahan's Descriptive Geometry and Stone-cutting '.Svo, 

Industrial Drawing. (Thompson.) Svo, 

10 
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Moyer's Descriptive Geometry 8vo, 2 00 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Reid's Course in Mechanical Drawing 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Robinson's Principles of Mechanism 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

Smith (A. W.) and Marx's Machine Design ,8vo, 3 00 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, i 25 

'Varren's Drafting Instruments and Operations i2mo, i 25 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 3 50 

Elements of Machine Construction and Drawing 8vo, 7 50 

Elements of Plane and Solid Free-hand Geometrical Drawing . . z.2nio, i oa 

General Problems of Shades and Shadows- 8vo, 3 00 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow i2mo, i 00 

Manual of Elementary Projection Drawing ^ i2mo, i so- 
Plane Problems in Elementary Geometry i2mo, i 25 

Problems, Theorems, and Examples in Descriptive Geometry 8vo, 2 50 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) 8vo, s 00 

Wilson's (H. M.) Topographic Surveying 8vo, 3 50 

Wilson's (V. T.) Free-hand Lettering 8vo, i 00- 

Free-hand Perspective 8vo, 2 50 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 o» 

ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) i2mo, i 25 

Andrews's Hand-Bookfor Street Railway Engineering 3X5 inches, mor., i 25 

Anthony and Brackett's Text-book of Physics. (Magie.) Large i2mo, 3 00 

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . . i2nio, i oa 

Benjamin's History of Electricity 8vo, 3 00 

Voltaic Cell 8vo, 3 00 

Betts's Lead Refining and Electrolysis 8vo, 4 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00- 

* Collins's Manual of Wireless Telegraphy. i2mo, 1 so 

Mor. 2 00 
Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Danneel's Electrochemistry. (Merriam.) i2mo,. i 25 

Dawson's "Engineering" and Electric Traction Pockei-book i6mo, mor 5 00- 

Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

i2mo, 2 5a 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Flather's Dynamometers, and the Measurement of Power i2mo, 3 00 

Gilbert's De Magnete. (Mottelay.) 8vo, 2 so 

* Hanchett's Alternating Currents i2mo, i 00- 

Hering's Ready Reference Tables (Conversion Factors) i6mo, mor. 2 50 

Hobart and Ellis's High-speed Dynamo Electric Machinery. (In Press.) 

Holman's Precision of Measurements 8vo, 2 00 

Telescopic Mirror-scale Method, Adjustments, and Tests Large 8vo, 7S 

* Karapetoff's Experimental Electrical Engineering Svo, 6 00 

Kinzbrunner's Testing of Continuous-current Machines Svo, 2 oa 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3 00 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) i2mo, 3 00 

Lab's Electrochemistry of Organic Compounds. (Lorenz.) Svo, 3 00 

* Lyndon's Development and Electrical Distribntion of Water Power Svo, 3 00 

* Lyoqs'3 Treatise on Electromagnetic Phenomena. Vols. I. and II. Svo, each, 6 oo- 

* Michie's Elements of Wave Motion Relating to Sound and Light Svo, 4 oo 

11 



Morgan's Outline of the Theory of Solution and its Results i2mo, i oo 

* Physical Chemistry for Electrical Engineers i2nio, i 50 

Niaudet's Elementary Treatise on Electric Batteries. (Fishback) i2mo. 2 50 

* Korris's Introduction to the Study of Electrical Engineering 8to, 2 so 

* Parshall and Hobart's Electric Machine Design 4to, half morocco, 12 go 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large lamo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). . .8vo, 2 00 

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 2 50 

S^happer's Laboratory Guide for Students in Physical Chemistry i2mo, t 00 

Thurston's Stationary Steam-engines 8vo, 250 

* Tillman's Elementary Lessons in Heat 8vo, i go 

Tory and Pitcher's Manual of Laboratory Physics Large i2mo, 2 00 

nike's Modern Electrolytic Copper Refining. Svo, 3 00 

LAW. 

* Davis's Elements of Law Svo, 2 go 

* Treatise on the Military Law of United States Svo, 7 00 

* Sheep, 7 go 

* Dudley's Military Law and the Procedure of Courts-martial .... Large i2mo, 2 go 

Manual for Courts-martial i6mo, mor, x go 

Wait's Engineering and Architectural Jurisprudence Svo, 6 00 

Sheep, 6 go 

Law of Contracts Svo, 3 00 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture Svo g 00 

Sheep, 5 go 
MATHEMATICS. 

Baker's Elliptic Functions Svo, i go 

Briggs's Elements of Plane Analytic Geometry. (B6cher) i2mo, 1 00 

^Buchanan's Plane and Spherical Trigonometry Svo, r 00 

Byerley's Harmonic Functions Svo, i 00 

Chandler's Elements of the Infinitesimal Calculus i2mo, 2 00 

Compton's Manual of Logarithmic Computations i2mo, i go 

Davis's Introduction to the Logic of Algebra Svo, i go 

* Dickson's College Algebra Large r2mo, i go 

* Introduction to the Theory of Algebraic Equations Large i2mo, i' 25 

Emch's Introduction to Projective Geometry and its Applications Svo, 2 go 

Fiske's Functions of a Complex Variable Svo, i 00 

Halsted's Elementary Synthetic Geometry Svo, i go 

Elements of Geometry Svo, 17s 

* Rational Geometry i2mo, i go 

Hyde's Grassmann's Space Analysis Svo, i 00 

* Jonnson's (.J B.) Three-place Logarithmic Tables: Vest-pocket size, paper, ig 

100 copies, g 00 

4 Mounted on heavy cardboard, 8 X 10 inches, 2g 

10 copies, 2 00 

Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus 

Large i2mo, i vol. 2 go 

Curve Tracing in Cartesian Co-ordinates i2mo, i 00 

Differential Equations 8vo, i 00 

Elementary Treatise 00 Differential Calculus. (In Press.) 

Elementary Treatise on the Integral Calculus Large i2mo> i JO 

* Theoretical Mechanics i2mo, 3 00 

Theory of Errors and the Method of Least Squares i2mo, i SO 

Treatise on Differential Calculus Large i2mo, 3 00 

Treatise on the Integral Calculus Large i2mo, 3 00 

Treatise on Ordinary and Partial Differential Equations. . Large i2mo, 3 50 
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£aplace's Philosophical Essay on Probabilities. (Truscott and £mory.)-J2mo, 2 00 
''' Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, 2 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, i 00 

Macfarlane's Vector Analysis and Quaternions 8vo, i 00 

McMahon's Hyperbolic Functions 8vo, i 00 

Manning's IrratlonalNumbers and their Representation bySequences and Series 

i2mo, I 25 
Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each x 00 

No. I. History of Modern Mathematics, by David Eugene Smith. 
No. a. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No, S- Harmonic Func- 
tions, by William E, Byerly. No. 6. Grassmann*s Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merilman's Method of Least Squares 8vo, 2 00 

Solution of Equations 8vo, i 00 

Rtce and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large i2mo, i 50 

Elementary Treatise on the Differential Calculus Large i2mo, 3 00 

Smith's History of Modern Mathematics 8vo, i 00 

* Veblen and Lennes's Introduct'on to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

* Waterbury's Vest Pocket Hand-Book of Mathematics for Engineers. 

a^Xsf inches, mor., i 00 

Weld's Determinations 8vo, i 00 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Woodward's Probability and Theory of Errors 8vo, i 00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-EIJGINES AND BOILERS. 

Bacon's Forge Practice i2mo, i 50 

Baldwin's Steam Heating for Buildings i2mo, 2 50 

Hair's Kinematics of Machinery. 8vo, 2 50 

* Bartlett's Mechanical Drawing. 8vo, 3 00 

* " « • u Abridged Ed 8vo, 150 

Benjamin's Wrinkles and Recipes i2mo, 2 00 

* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 50 

Carpenter's Experimental Engineering. 8vo, 6 00 

Heating and Ventilating Buildings 8vo, 4 00 

Clerk's Gas and Oil Engine Large i2mo, 4 00 

Compton's First Lessons in Metal Working i2mo, i 50 

Compton and De Groodt's Speed Lathe i2mo, i 50 

CooUdge's Manual of Drawing 8vo, paper, i 00 

Ccolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 2 50 

Cromwell's Treatise on Belts and Pulleys i2mo, i 50 

Treatise on Toothed Gearing i2mo, i 50 

Durley's Kinematics of Machines 8vo, 4 00 
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Flather's Djrnamometers and the Measurement of Power i2mo, 3 oo 

Rope Driving izmo, 1 oo 

Gill's Gas and Fuel Analysis for Engineers , i2mo, i 25 

Goss'ii Lncomotive Sparks 8vo, 2 oo 

Hall's Car Lubrication i2mo, i 00 

Bering's Ready Reference Tables (Conversion Factors) i6mo, mor., 2 50 

Hobart and Eiiis's High Speed Dynamo Electric Machinery. (In Press.) 

Button's Gas Engine gvo, 5 00 

Jamison's Advanced Mechanical Drawing. 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 so 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

Kent's Mechanical Engineers' Pocket-book i6mo, mor , 

Kerr's Power and Power Transmission 8vo, 

Leonard's Machine Shop Tools and Methods 8vo, 

* Lorenz's Modern Refrigerating Machinery. (Pope, Baven, and Dean.) . . 8vo, 
MacCord's Kinematics; or. Practical Mechanism 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams Svo, 

MacFarland's Standard Reduction Factors for Gases Svo, 

Mahan's Industrial Drawing. (Thompson.) Svo, 

* Parshall and Hobart's Electric Machine Design. . Small 4to, half leather, 
Peele's Compressed Air Plant for Mines. (In Press.) 
Poole's Calorific Power of Fuels Svo, 

* Porter's Engineering Reminiscences, 1855 to 1882 Svo, 

Reid's Course in Mechanical Drawing Svo, 

Text-book of Mechanical Drawing and Elementary Machine Design. Svo, 

Richard's Compressed Air i2mo, 

Robinson's Principles of Mechanism Svo, 

Schwamb and Merrill's Elements of Mechanism Svo, 

Smith's (0.) Press-working of Metals Svo, 

Smith (A. W.) and Marx's Machine Design Svo, 

Sorel 's Carbureting and Combustion in Alcohol Engines . (Woodward and Preston) . 

Large l2mo, 
Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

i2mo, 
Treatise on Friction and Lost Work in Machinery and Mill Work... Svo, 

Tillson's Complete Automobile Instructor l6mo, 

mor., 

* Titsworth's Elements of Mechanical Drawing Oblong Svo, 

Warren's Elements of Machine Construction and Drawing Svo, 

'^ Waterbury's Vest Pocket Band Book of Mathematics for Engineers. 

2JX5J inches, mor., 
Weisbach's Kinematics and the Power of Transmission. (Berrmann — 

Klein.) Svo, 

Machinery of Transmission and Governors. (Berrmann — Klein.). .Svo, 

Wolff's Windmill as a Prime Mover Svo, 

Wood's Turbines Svo, 

MATERIALS OF ENGINEERING. 

*■ Bovey's Strength of Materials and Theory of Structures Svo, 

Burr's Elasticity and Resistance of the Materials of Engineering Svo, 

Church's Mechanics of Engineering Svo, 

* Greene's Structural Mechanics Svo, 

Holley and Ladd's Analysis of Mixed Paints, Color Pigments, and Varnishes. 

Large i2mo, 2 50 

Johnson's Materials of Construction Svo, 6 00 

Keep's Cast Iron Svo, 2 50 

Lanza's Applied Mechanics Svo, 7 50 
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Maire's Modern Pigments and their Vehicles i2mo, 2 00 

Martens's Handbook on Testing Materials. (Henning.) 8vo, 7 30 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Mechanics of Materials 8vo, 5 00 

* Strength of Materials izmo, i 00 

Metcalf's Steel. A Manual for Steel-users i2mo, 2 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Materials of Machines i2mo, i 00 

Thurston's Materials of Engineering 3 vols., 8vo, 8 00 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 so 

"Wood's (De V.) Elements of Analytical Mechanics 8vo, 3 00 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysif of Iron and 

Steel 8vo, 4 00 

§TEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram i2mo, i 25 

Carnot's Reflections on the Motive Power of Heat, (Thurston.) i2mo, i 50 

Chase'.s Art of Pattern Making i2mo, 2 50 

Creighton's Steam-engine and other Heat-motors , 8vo, 500 

Dawson's " Engineering " and Electric Traction Pocket-book .... i6mo, mor., 5 00 

Pord's Boiler Making for Boiler Makers i8mo, i 00 

Goss's Locomotive Performance Svo, 5 00 

Hemenway's Indicator Practice and Steam-engine Economy i2mo, 2 00 

Button's Heat and Heat-engines Svo. 5 00 

Mechanical Engineering of Power Plants Svo, 5 00 

Kent's Steam boiler Economy Svo, 4 00 

Kneass's Practice and Theory of the Injector Svo, i 50 

MacCord's Slide-valves Svo, 2 00 

Meyer's Modern Locomotive Construction 4to, lo 00 

Moyer's Steam Turbines. (In Press.) 

Peabody's Manual of the Steam-engine Indicator i2mo, 1 50 

Tables of the Properties of Saturated Steam and Other Vapors Svo, i 00 

Thermodynamics of the Steam-engine and Other Heat-engines Svo, 5 00 

Valve-gears for Steam-engines Svo, 2 50 

Peabody and Miller's Steam-boilers Svo, 4 00 

Pray's Twenty Years with the Indicator Large Svo, 2 50 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) i2mo, i 25 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large i2mo, 3 50 

Sinclair's Locomotive Engine Running and Management i2mo, 2 00 

Smart's Handbook of Engineering Laboratory Practice i2mo, 2 so 

Snow's Steam-boiler Practice Svo, 3 00 

Spangter's Notes on Thermodynamics i2mo, i 00 

■(Talve-gears Svo, 2 so 

Spatigler, Greene, and Marshall's Elements of Steam-engineering Svo, 3 00 

Thomas's Steam-turbines Svo, 4 00 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake i Svo, g 00 

Handy Tables Svo, i so 

Manual of Steam-boilers, their Designs, Construction, and Operation..8vo, 5 00 
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Thurston's Manual of the Steam-engine 2 vols., 8vo, 10 00 

Part I. History, Structure, and Theory 8vo, 

Part II. Design, Construction, and Operation 8vo, 

Stationary Steam-engines 8vo, 

Steam-boiler Explosions in Theory and in Practice 12mo, 

Wehrenfenning's Analysis and Softening of Boiler Feed-water (Patterson) 8vo, 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 

Whithara's Steam-engine Design 8vo, 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. ..8vo, 
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MECHANICS PURE AND APPLIED. 

Church's Mechanics of Engineering 8vo, 

Notes and Examples in Mechanics 8vo, 

Dana's Text-booh of Elementary Mechanics for Colleges and Schools. .i2mo, 
Du Bois's Elementary Principles of Mechanics: 

Vol. I. Kinematics 8vo, 

VoL II. Statics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. II Small 4to, 10 00 

* Greene's Structural Mechanics 8vo, 2 So 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo, 2 00 

* Johnson's (W. W.) Theoretical Mechanics 12mo, 

Lanza's Applied Mechanics 8vo, 

* Martin's Text Book on Mechanics, Vol. I, Statics 12mo, 

* Vol. 2, Kinematics and Kinetics . -izmo, 
Maurer's Technical Mechanics 8vo, 

* Merriman's Elements of Mechanics 12mo, 

Mechanics of Materials 8vo, 

* Michie's Elements of Analytical Mechanics .8vo, 

Robinson's Principles of Mechanism 8vo, 

Sanborn's Mechanics Problems Large 12mo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Wood's Elements of Analytical Mechanics 8vo, 

Pcinciples of Elementary Mechanics 12mo, 

MEDICAL. 

Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and Defren). 

(In Preas). 
von Behring's Suppression of Tuberculosis. (Bolduan.) i2mo, i 00 

* Bolduan's Immune Sera i2mo, i 50 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions i6mo, mor., i 50 

EhrUch's Collected Studies on Immunity. (Bolduan.) 8vo, 6 00 

* Fischer's Physiology of Alimentation Large i2mo, cloth, 2 00 

de Fursac's Manual of Psychiatry. (Rosanoff and Collins.) Large i2mo, 2 so 

Hammarsten's Text-boolt on Physiological Chemistry. (Mandel.) 8vo, 4 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry . . .8vo, 125 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) i2mo, i 00 

Mandel's Hand Book for the Bio-Chemical Laboratory i2mo, i 50 

* PauU's Physical Chemistry in the Service of Medicine. (Fischer.). .. .i2mo, i 25 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.) i2mo, i 00 

Rostoski's Serum Diagnosis. (Bolduan.) i2mo, i 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy i2mo, i 00 

Salkowski's Physiological and Pathological Chemistry. (Orndorff.) 8vo, 2 so 

* Satterlee's Outlines of Human Embryology i2mo, i 23 

Smith's Lecture Botes on Chemistry for Dental Students 8vo, 2 50 
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steel's Treatise on the Diseases of the Dog 8vo, 3 go 

•Whipple's TyphoidFever Large i2mo, 3 00 

WoodhuU's Notes on Military Hygiene i6mo, i so 

* Personal Hygiene i2nio, i 00 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 
and Suggestions for Hospital Architecture, with Plans for a Small 

Hospital i2mo, i 25 

METALLURGY. 

Betts's Lead Refining by Electrolysis 8to. 4 00 

Bolland's Encyclopedia of Founding and Dictionary of Foundry Terms Used 

in the Practice of Moulding l2mo, 3 00 

Iron Foimder 12mo. 2 50 

" " Supplement 12mo, 2 50 

Douglas's Untechnical Addresses on Technical Subjects l2mo, t 00 

Goesel's Minerals and Metals: A Reference Book i6mo, mor. 3 00 

* lles's Lead-smelting 12mo, 2 50 

Keep's Cast Iron 8vo, 2 50 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) 12mo, 3 00 

Metcalf's Steel. A Manual for Steel-users , . . 12mo, 2 00 

Miller's Cyanide Process 12mo i 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . 12mo, j. so 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Ruer's Elements of Metallography. (Mathewson). (In Press.) 

Smith's Materials of Machines 12mo, i 00 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 00 

part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel 8vo, 3 so 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 so 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

West's American Foundry Practice 12mo, 2 so 

Moulders Text Book 12mo, 2 50 

Wilson's Chlorination Process 12mo, i so 

Cyanide Processes 12mo, 1 So 

MINERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 so 

Boyd's Resources of Southwest Virginia 8vo 3 00 

Boyd's Map of Southwest Virginia Pocket-book form. 2 00 

♦Browning's Introduction to the Rarer niements 8vo, I 50 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 4 00 

Butler's Pocket Hand-Book of Minerals 16mo, mor. 3 00 

Chester's Catalogue of Minerals 8vo, paper, i 00 

Cloth, I 2S 
Crane's Gold and Silver. (In Press.) 

Dana's First Appendix to Dana's New " System of Mineralogy. ." . , Large 8vo, r 00 

Manual of Mineralogy and Petrography i2mo 2 no 

Minerals and How to Study Them i2mo, i so 

System of Mineralogy Large 8vo, half leather, 12 so 

Text-book of Mineralogy 8vo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects i2mo, i 00 

Eakle's Mineral Tables 8vo, i 25 

Stone and Clay Products Used in Engineering. (In Preparation). 

Egleston's Catalogue of Minerals and Synonyms 8vo, 2 50 

Goesel's Minerals and Metals : A Reference Book i6mo,mor. 3 >)o 

Groth's Introduction to Chemical Crystallography (Marshall) i2mo, i 25 
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* Iddings's Rock Minerals 8vo, s oo 

Johannsen's Determination of Rock-fonning Minerals in Tliin Sections 8vo, 4 00 

* Martin's Laboratory Guide to Qualitative Analysis with the blowpipe. i2rao, 60 
Merrill's Non-metallic Minerals; Their Occurrence and Uses 8vo, 4 00 

Stones for Building and Decoration 8vo, 500 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 
Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vo, i 00 

Pirsson's Rocks and Rock Minerals. (In Press.) 

* Richards's Synopsis of Mineral Characters i2mo, mor. 123 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, s 00 

* Tillman's Text-book of Important Minerals and Rocks 8v0i 2 00 

MINING. 

* Beard's Mine Gases and Explosions Large i2ma, 

Boyd's Map of Southwest Virginia Pocket-book form. 

Resources of Southwest Virginia 8vo, 

Crane's Gold and Silver. (In Press.) 

Douglas's Untechnical Addresses on Technical Subjects i2mo, 

£Ussler's Modern High Explosives 8-73. 

Goesel's Minerals and Metals : A Reference Book i6mo, mor. 

Ihlseng's Manual of Mining 8vo, 

* Iles's Lead-smelting i2mo. 

Miller's Cyanide Process i2mo, 

O'DriscoU's Notes on the Treatment of Gold Ores Svo, 

Peele's Compressed Air Plant for Mines. (In Press.) 

Riemer's Shaft Sinking Under Difficult Conditions. (Coming and Peele) . . .8vo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 

* Weaver's Military Explosives Svo, 

Wilson's Chlorination Process ismo. 

Cyanide Processes r2mo, 

Hydraulic and Placer Mining. 2d edition, rewritten i2mo, 

Treatise on Practical and Theoretical Mine Ventilation i2mo, 

SANITARY SCIENCE. 

Association of State and National Food and Dairy Departments, Hartford Meeting, 

1906 Svo, 3 00 

Jamestown Meeting, 1907 8vo, 3 00 

* Bashore's Outlines of Practical Sanitation 12mo, i 23 

Sanitation of a Country House 12mo, i 00 

Sanitation of Recreation Camps and Parks 12mo, i 00 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering Svo, 4 00 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fuertes's Water-filtration Works 12mo, 2 50 

Water and Public Health 12mo, i so 

Gerhard's Guide to Sanitary House-inspection 16mo, i 00 

* Modem Baths and Bath Houses Svo, 3 00 

Sanitation of Public Buildings 12mo, i 50 

Hazen's Clean Water and How to Get It Large 12mo, i 30 

Filtration of Public Water-supplies Svo, 3 00 

Kinnicut, Winslow and Pratt's Purification of Sewage. (In Press.) 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control Svo, 7 00 

ilason's Examination of Water. (Chemical ar.d Bacteriological) 12mo, i 23 

Water-supply. (Considered principally from a Sanitary Standpoint) . . Svo, 4 00 
18 
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* MeTTiman's Elements of Sanitary Engineering 8vo, a oo 

Ogden's Sewer Design 12mo, 2 00 

Pareons's Disposal of Municipal Refuse 8to, 2 00 

Prescott and Winslow's Elements of Water Bacterielogy, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 150 

* Price's Handbook on Sanitation 12mo, i 50 

Ricbards's Cost of Food. A Study in Dietaries 12mo, i 00 

Cost of Living as Modii-ed by Sanitary Science 12mo, 1 00 

Cost of Shelter 12mo, 1 00 

* Richards and Williams's Dietary Computer 8vo, i 50 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 2 00 

Rideal's Disinfection and the Preservation of Food 8vo, 4 00 

Sewage and Bacterial Purification of Sewage 8vo, 4 00 

Soper's Air and Ventilation of Subways. (In Press.) 

Turneaure and Russell's Public Water-supplies 8vo, s 00 

Venable's Garbage Crematories in America 8vo, 2 00 

Method and Devices for Bacterial Treatment of Sewage 8vo, 3 00 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

* Typhod Fever Large 12mo, 3 00 

Value of Pure Water Large 12mo, i 00 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

MISCELLANEOUS. 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large Svo, 

Ferrel's Popular Treatise on the Winds Svo, 

Fitzgerald's Boston Machinist iSmo, 

Gannett's Statistical Abstract of the World 24mo, 

Haines's American Railway Management 12mo, 

* Hanusek's The Microscopy of Technical Products. (Winton) 8vo, 

Ricketts's History of Rensselaer Polytechnic Institute 1824-1894. 

Large i2mo, 

Rotherham's Emphasized New Testament , Large Svo, 

Standage's Decoration of Wood, Glass, Metal, etc 12mo, 

Thome's Structural and Physiological Botany. (Bennett) 16mo, 

Westermaier's Compendium of General Botany. (Schneider) Svo, 

Winslow's Elements of Applied Microscopy 12mo, 



HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar izmo, r 23 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half morocco, 5 00 
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